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Introductory  Note 


THE  successful  education  of  the  man  in  the  sliop  is  a  ques- 
tion of  vital  importance.  The  diflSculties  under  which  he 
toils  in  his  strug^gle  for  advancement,  and  his  daily  Ia)x>r, 
render  impossible  the  usual  means  of  education,  and  prevent  the 
attending  of  a  resident  technical  scliool.  Prol)ably  the  most  suc- 
cessful sulwtitute  for  such  a  school  is  the  corres|)ondence  Tnethod 
of  instruction. 

C  Thousands  of  mechanics  are  improving  their  condition  by  de- 
voting a  half  hour  each  day  to  systematic  study  under  tlie  direction 
of  men  who  have  had  long  ex[)erience  in  teaching,  and  in  jiractical 
shop  work.  There  are,  however,  many  who  cannot  afford  tlie  time 
and  expense  necessary  for  a  correspondence  schcKil  course.  For 
such  the  Cyclopedia  of  Modern  Shop  Practice  is  pn*|)ared. 

4LThe  instniction  papers  forming  the  Cyclopedia  have  lieen  pre- 
pared es|)ecially  for  home  study  by  acknowle^lgixl  authoritifs,  and 
represent  the  most  careful  study  of  actual  shop  uee<ln  and  condi- 
tions.  Although  primarily  intended  for  corn*«jK>nd«'nctf  ntudy, 
many  are  in  use  as  textbooks  by  Harvard  I'nivt'rsity,  (iiluniiiiji 
University,  Lehigh  University,  Iowa  State  CoIIcgi*,  tlir  Univ»*rr*ity 
of  Maine,  the  U.  S.  (iovernment  in  its  Sc1kk)1  of  Submarine 
Defense,  the  Westinghouse  Companies  in  tht'ir  Shop  S<!1kk>I,  and 
for  reference  in  the  leading  colleges,  shops  aiul  [)ubli<!  Iibrari»?H. 


C, Years  of  experience  in  the  shop,  laboratory,  and  class-room 
have  Ijeen  required  in  the  preparation  of  the  various  sections  of 
the  Cyclo[>edia.  Eacli  section  has  been  tested,  by  actual  use,  for 
its  practical  value  to  the  man  who  desires  to  know  the  latest  and 
best  j)ractice  in  the  shop  or  engine  room. 

C Numerous  examples  for  practice  are  inserted  at  intervals;  these, 
with  the  test  questions,  help  the  reader  to  fix  in  mind  the  essential 
points,  thus  combining  the  advantages  of  a  text  book  with  a 
reference  work. 

CL  Grateful  acknowledgment  is  due  to  the  corps  of  writers  and 
collaborators,  who  have  prepared  the  many  sections  of  this  work. 
The  hearty  co-o{)eration  of  these  men — engineers  of  wide  practical 
experience  and  acknowledged  ability  —  has  alone  made  these 
volumes  j)o8sibIe. 

CLThe  Cyclo|)e<lia  has  l)een  compiled  with  the  idea  of  making  it  a 
work  thoroughly  technical  yet  easily  comjjrehended  by  the  man 
who  has  but  little  time  in  which  to  acquaint  himself  with  the 
fundamental  branches  of  jiractical  engineering.  If,  therefore,  it 
should  benefit  any  of  the  large  numljer  of  workers  who  need,  yet 
lack,  technicnl  training,  the  editors  will  feel  that  its  mission  has 
been  accomplished. 
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MACHINE  SHOP  WORK. 


PART  I. 


Machine  shop  work  is  usually  understood  to  include  all 
cold  metal  work  in  which  a  portion  of  the  metal  is  removed  to 
make  the  piece  of  the  required  shape  and  size  either  by  power- 
driven  or  hand  tools.  However,  there  are  some  branches  of  cold 
metal  work,  such  as  sheet-iron  work  and  coppersmitliing,  that  are 
not  included  in  machine  shop  work. 

HAND-OPERATED  TOOLS. 

As  the  hand-operated  tools  are  much  simpler,  and  as  the  opera- 
tions performed  with  tliem  are  in  every  case  more  typical,  their 
description  and  use  should  precede  that  of  power-driven  tools.  It 
should  be  clearly  understood,  however,  that  machine  shoj)  practice 
involves  the  use  of  both  classes  at  the  same  time.  Even  hand 
tools  are  not  used  in  the  same  onler  on  different  classes  of  work ; 
it  is,  therefoi-e,  impossible  to  describe  them  in  the  order  of  use. 
Simplicity  of  construction  and  oixjration  will  be  the  guide  for 
treatment  in  the  following  pages. 


Fig.  1. 

The  machinist  uses  hammers  of  three  shapes  :  ballpene,  cross 
pane,  and  straight  pene.  See  Fig.  1.  The  first  named,  the  ball 
I)ene,  is  the  most  common ;  it  varies  in  weight  from  four  ounces 
to  three  pounds.  The  cross  and  st might  jH»ne  hanimors  vary 
from  four  ounces  to  two  pounds  and  are  used  principally  in  rivet- 
ing.      All  hammers  are  ma(l«   from  a  good   grade   of   cast  stt»el, 
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hardened,  and  drawn  to  a  blue  color  at  the  eye  and  a  dark  straw 
on  the  face  and  pene.  The  eye  is  elliptical  in  shaj^)e,  and  the 
handle  is  fastened  by  driving  wedges,  either  wood  or  iron,  into 
the  end  of  the  handle,  thus  spreading  it  to  fill  the  eye.  The 
handle  is  of  hard  wood,  prefeiiibly  hickory,  and  of  a  length  suited 


Fig.  2. 

to  the  weight  of  the  hammerhead.  When  the  handle  is  properly 
inserted,  the  axis  of  the  head  stands  at  right  angles  to  the  axis  of 
the  handle. 

Soft  hammers  are  used  for  striking  heavy  blows  where  the 
steel  hammer  would  bruise  the  metal  or  mar  tlie  surface.  They  are 
made  of  rawhide,  copper,  or  Babbitt  metal,  and  vary  in  weight 
from  six  ounces  to  six  pounds.  They  are  subject  to  rapid  wear, 
but  are  indispensable  in  setting  up  and  taking  down  machinery. 
Those  of  metal  are  so  constructed  that  the  soft  metal  can  be  re- 
cast in  the  handle. 


Fig.  3. 

The  prich  punchy  Fig.  2,  is  made  of  cast  steel  with  a  hardened 
conical  point  of  about  60  degrees.  It  is  about  3 J  inches  long  and 
J  inch  in  diameter.  It  is  used  for  making  very  small  holes  at 
intervals  of  about  i  inch  on  a  line. 

The  center  punch,  also  shown  in  Fig.  2,  is  made  of  the  same 
^neral  appearance  as  the  prick  i)niich,  but  is  about  5  inches  long, 
i  inch  in  diameter,  and  lias  a  point  of  about  90  degrees.  The 
principal  use  is  to  make  center  holes  marking  the  centers  on  the 
ends  of  pieces  to  be  turned. 

Both  prick  punches  and  center  punches  are  usually  made  of 


JtACHlKE  SHOP  WORK. 


6 


hexagonal  steel ;  but  if  round  stock  is  used,  the  grip  should  be 
fluted  or  knurled  to  prevent  slipping  in  the  fingers. 

The  scriber  or  scratch  awl,  Fig.  3,  is  made  in  many  forms, 
but  consists  essentially  of  a  cast-steel  nxl  al)out  8  inches  long  and 
^g  inch  in  diameter,  with  a  long,  slender,  hardened  point  at  each 
end ;  frequently  one  point  is  bent  at  right  angles  to  the  shank. 
As  the  name  indicates,  this  tool  is  used  for  marking  lines  on  the 
surface  of  metal. 

The  surface  gauge  is  used  in 
lajdng  out  work  for  the  bench, 
lathe,  or  planer.  The  ordinary 
fonn  consists  of  a  heavy  base,  an 
upright,  and  a  scriber  or  scratch 
awl ;  the  upright  being  firmly 
fastened  to  the  base.  In  the  uni- 
versiil  gauge,  the  upright  is  piv- 
oted at  the  base  so  that  it  may  be 
used  at  any  angle.  In  some  forms 
the  base  is  grooved  in  order  that 
the  gauge  may  be  used  on  cylin- 
drical work  as  well  as  on  flat  sur- 
faces.    See  Fig.  4. 

To  use  the  gauge,  the  part  of 
the  work  to  be  laid  out  must  be 
I)repared  so  that  lines  drawn  on 
the  surface  will  show  distinctly. 
A  rough  or  unfinished  surface  is 
covered  with  chalk,  a  finished  or 
bright  surface  should  be  copi)er- 
plated  by  applying  a  thin  coating 

of  copi>er  sulphate  solution  with  a  brush  or  a  piece  of  waste.  The 
work  and  gauge  are  then  placed  on  a  true  surface  and  the  scriber 
adjusted  to  the  desired  height.  The  line  is  drawn  by  movinir  tlio 
surface  gauge  along  on  the  true  surface,  keeping  the  point  in  con- 
tact  with  the  work.  After  scribing  the  lines,  it  is  well  to  place 
light  prick  punch  marks  at  frequent  intervals  along  the  lines,  so 
that  the  position  may  be  found  if  the  chalk  or  copi)er  sulphate 
becomes  effaced* 


Fig.  4. 
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Ilie  straif^t  edge  C-:.*!?::?,  ::.  ii?  >::^^lr>:  i-.-nsi,  of  u  iLin 

flat  \iir*:*:    *A   n'.r:*:.,  i^r^-rr— .     ...:.  .--^-.-LT^i.  v.-;^.    a.j:juralclv  ttUhed 

Kintji/ht  eijr-.     T;.r  .rr/  -:.:iL  >lz-:-  "is-e*!  iii  liL.e  Tr.;.rk  ait  some- 
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lengtLs  i:>^i  for  oixlinary  shop 
pnqnistrs  i.^ive  one  eilge  bev- 
eled, and  arv  thick  enough  to 
a  Void  lnr:;«iing.  See  Fig.  5. 
The  larger  sizes,  from  three  to 
ten  feet  or  nii»re  in  lenc^th,  are 
usually  made  of  east  iron  with 
one  finished  edge.  The  metal  is  so  distributed  as  to  combine 
Ughtness  with  great  rigidity,  the  tendency  i»f  die  ends  to  drop 
!ieing  resLst4fd  by  the  truss-like  form  of  the  casting  shown  in  Fig. 
6.  The  flat  fonn  is  us.'d,  in  connection  with  the  scriber,  to 
draw  accunite  straight  lines  on  plane  surfaces.  All  styles  are 
used  to  test  the  truth  of  phme  sufaces  by  placing  the  straight  edge 
on  the  surface  to  l^e  tested  in  not  less  than  the  six  positions  shown 
in  Fig.  7. 
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For  (lra\viii<^  lines  and  hiyinor  off  distances  on  curved  sur- 
faces,  sucli  as  shafts,  a  combination  of  two  straight  edges,  or  a 
straight  edge  and  a  rule,  is  used.  Tin's  is  often  called  a  hey 
Mt'iit  ride  because  its  chief  use  is  laying  out  keys  on  shafts. 
Mnwever,  many  macliinists  call  it  a  "box-rule."  It  is  usually 
ma<h'  in  one  piece,  althougli  some  maiiufactui-ers  jn'ovido  clam|)8 
by  wlTu'li  the  two  se[)arate  pi(»ccs  aiv  held  at  righ.t  angles  to  one 
anotlier.  A  moi-e  simph^  combination  is  shown  in  Fig.  8,  the 
second  scale  being  repi-esented  by  two  sjxicial  clamps. 
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The  simplest  form  of  square,  called  the  Jiat  square  (Fig-  9), 
is  a  combination  of  two  straight  edges  at  right  angles.  Tliis  is 
a  useful  fonii  whore  the  squHn*  is  laid  on  the  work.     One  blade 


is   usually  gniduated  on  the  inner  edge,  and  tlie  otlier  on  the 
outer  edge.     The  flat  (square  is  not  liardened. 

Tlie  try  square,  sbuwn  in  Fig.  10,  consists  of  a  bt'uin  and 
a  blade  at   right   angles.     The  beam    is   mucli  tliicker  than  the 


Fig.  8 


blade  and  somewhat  shorter.  Try  sqnares  aie  made  Imth  nn- 
hardened  and  hardened.  The  nnhardened  form  has  grail  nations 
on  one  edge,  and  is  culled  t\w  gi-n<binicd  try  sqnai-e,  Tlu"  haul- 
ened  type  always  has  a  hardened  hlade,  sometimes  a  hai-deued 
beam  as  well,  and  i^  not  gmduated. 
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The  try  square  is  used  as  a  guide  to  draw  lines  at  right  angles 
to  each  other  and  to  given  surfaces ;  to  erect  arid  test  perpendic- 
ulars to  plane  surfaces ;  to  test  the  truth  of  a  given  surface  at 
right  angles  to  another  surface ;  in  short,  it  is  used  wherever  an 
accurate  measurement  of  90®  is  required.  When  used  for  testing 
the  relation  of  two  surfaces,  the  beam  is  pressed  closely  against 
the  correct  surface,  and  the  blade  brought  carefully  down  to  the 
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surface  under  consideration.  This  does  not  prove  aiore  than  that 
a  line  at  the  particular  point  tested  is  or  is  not  at  right  angles  to 
the  true  surface.  By  using  the  blade  as  a  straight  edge  parallel 
to  the  true  surface,  erroi-s  in  that  direction  may  be  corrected  and 
the  surface  be  made  plane. 

In  many  cases  it  is  necessary  to  test  the  relation  of  lines  and 
surfaces  which  are  not  at  rii^^ht  angles  to  each  other.  For  this 
purpose  a  bevel  is  used  in  which  what  corresponds  to  the  biade 
of  the  square  is  made  adjustable.  Its  construction  is  seen  in 
Fig.  11,  and  its  use  is  similar  to  that  of  the  square. 
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The  bevel  can  be  adjusted  only  by  direct  application  to 
lines  or  surfaces  having  the  proper  angular  relatioQ.  It  often 
happens  that   such  adjustment 


Fig.  10. 


is  not  feasible,  and  therefore  a 
registering  device,  in  the  form 
of  a.  graduated  arc,  is  applied 
to  the  bevel,  making  what  is 
known  as  a  protractor,  shown 
in  Fig.  13.  This  tool  can  be 
used  to  find  the  angular  rela- 
tion in  degrees  or  to  produce  that  relation  by  setting  to  the 
proper  point  on  the  graduated  arc. 

As  the  center  of  a  circle  is  found  at  the  intersection  of  any 
two  diameters,  an  instrument  for  readily  finding  that  point  is  a 
great  convenience,  in  Fig.  12  is  shown  a  combinatdon  of  straight 
edge  and  square  called  a  c«nter  square,  which  accomplishes  this 


result.  As  one  edge  of  the  rule  bisects  the  angle  of  the  square, 
it  is  evident  that  a  line  drawn  by  that  edge  passes  through  the 
center  of  any  circular  piece  to  which  the  square  is  applied. 
Centering  the  ends  of  round  bars  or  circular  work  of  any  kind 
is  tlie  principal  use  of  tliis  tool. 

The  center  s<jimrc,  l>evel,  and  protnictor  are  furnished  in  a 
combination  set  as  shown  in  Fig.  14.  The  ability  to  change  the 
length  of  the  blade  is  one  of  the  great  benefits  of  this  constnictioo. 
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MEASURING   TOOLS 

The  testing  tools  thus  far  described  are  used  for  comiuiriiig 
the  angular  relation  of  lines  and  surfaces,  and  may  be  called  tools 
for  angidar  measurement.  We  now  turn  to  the  consideration  of 
instnunents  for  measuring  distances  and  sizes,  or  tools  for  linear 
measurement. 


riim  I  •  I  ; 
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The  most  common  tool  [or  h'/irrtr  tnnf:<Hr*'m*'ftfifn'tUn\  one  which 
hanlly  l^M[uil•cs  description,  is  the  so  called  carpenter's  or    two- 


Ki-.  l:J. 


foot  rule.     This  is  very  ct)nvcnirnt  for  the  machinist  in  making 
measurements  which  are  not  recpiired  to  Ixi  very  accurate.     For 
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work  of  greater  reBnenient,  the  standard  steel  scale  (Fig.  15)  is 
used.  This  is  in  reality  a  divided  or  graduated  sti'aight  edge  and, 
as  sucli,  fomis  a  part  of  sevenil  tools  alrsHdy  described,  Tlie 
most  coninion  fonu  of  steel  scale  is  flat,  varying  from  one  to  forty- 


Hg.  14. 


eight  inches  in  length,  and  carefully  liardened  and  ground.  The 
gniduatioiis  in  the  better  class  of  scales  are  cut  with  a  dividing 
engine,  altlionyh  tlie  lines  may  be  etched  on  the  surface  with  a 
fair  degree  of  accuracy,  A  thin  and  somewhat  uari-ower  form, 
called  a  flexililc  scale,  is  made  in  sizes  fi-om  four  to  fliirty-six 
iiurhcs.     What  are  known  as  narrow  scales  are  obtainable  from 


Fig.  15. 

four  to  thirty-eix  inches,  and  are  of  great  convenience  in  certain 
cases.  Besides  these  shapes,  square  scales  are  made  in  sizes  from 
tliree  to  six  inches  in  longtli,  and  tlie  friangidar  form  varies  in 
length  from  three  to  twelve  inches.  Steel  scales  with  the  Kiig- 
lish  system  of  gmduation  can  I*  ol)taiued  with  the  inches  (]ivi<led 
«i    eighties,   sixteenthfl,  thirty-seconds,    sixty-fourths;  twelfths, 


10 


MA'  flfXK    SUmP    \VmI:K. 


MEA5LRINO   TOOLS 

Thf;  tfstiiic(  tools  thus  f;ir  I !«:'>«: ritjed  are  us*fil  for  com{jari: 
nh^.  anc^Miar  relation  ni  iiiifs  .t:i«i  .surf;u?es,  ami  may  be  called  t*- 
for  an^^'iilHr  rnfra."^urrriieriL     Wr  in»\v  runi  tn  the  consuleratioi 
li^triiiri^nts  for  rneasiiring  distances  and  sizes,  nr  t<j<»ls  for  li 
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Till- most  commofi  loc>l  Un- Hin'ar  measurements^  \i\u\  ■ 
liiiMlly  rn|iiii'cH  drsriiptioii,  is  tliu  so  called  cai'i^enter' 
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!  kr  dividers  in  general  ap- 
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12 


MACHINE   SHOP  WORK. 


twenty-fourths;  tenths,  twentieths,  fiftieths,  and  hundredths. 
Special  scales  are  made  with  graduations  especially  adapted  to 
such  uses  as  gear  blank  sizing,  etc. 

The  ends  of  flat  rules  are  sometimes  graduated,  making  what 
might  be  called  a  very  short  rule  with  a  handle.  Flat  rules  are 
sometimes  graduated  with  Metric  divisions  as  fine  as  one  milli- 
meter, and  from  five  centimeters  to  one  meter  in  length. 

For  transferring  and  comparing  distances,  dividers  are  com- 
monly used.     They  are  classified  according  to  the  style  of  joint 


Fig.  16. 


Fir^.    17. 


and  the  length  of  the  leg.  The  most  simple  joint  is  the  friction, 
and  like  all  frictional  devices,  is  hard  to  set  accurately.  Lock-joint 
dividers  can  be  moved  freely  to  approximately  the  right  position, 
the   joint    locked,   and    the  adjusting    screw  used    for  the    final 


settincT. 


Wing  dividers,  Fig.  10,  are  of  about  the  same  construction 
as  the  lock  joint,  except  that  the  fastening  is  made  on  the  wing 
instifjid  of  at  the  pivot.  The  besf  of  all  forms  has  a  spring 
adjustment  as  shown  in  Fig.  17.  In  this  type,  a  spring  tends  to 
open  the  dividers,  and  the  legs  are  closed  against  the  spring  by 
a  nut  working  on  a  screw,  which  is  fastened  to  one  leg  and  passes 
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freely  through  the  other.  The  length  of  dividera  varies  from 
two  and  one-half  to  ten  inches.  The  distance  to  which  dividers 
can  be  opened  is  generally  alx^ut  equal  to  the  length  of  the  leg. 
For  distances  above  tea  inches,  trammel  pointg,  diagram.  Fig.  18, 
are  convenient.  They  consist  of  hardened  steel  points  attached 
to  metal  sockets,  and  can  be  used  on  rods  of  any  length.  One 
point  may  have  a  spring  adjustment,  and  in  that  case  can  he 
r>et  in  the  same  manner  as  a  pair  of  wing  dividers. 

Kext  in  importance  to  the  dividers  as  an  adjustable  distance 
gauge,  are    the  calipers.     Instead  of  having  straight  legs   with 


Pig.  18. 


sharp  points,  caliper  legs  are  bent  and  have  blunt  points.  As  dis- 
tances are  to  be  measured  both  outside  and  inside  of  solid  bodies, 
we  have  outside  and  inside  calipers.  The  legs  of  oirtside  calipers 
have  a  large  curvature  so  that  the  calipers  may  be  passed  over 
cylinders  of  their  greatest  capacity. 

Inside  calipers,  Fig.  20,  are  more  like  dividers  in  general  ap- 
pearance, the  ends  being  bent  outward  slightly  and  the  points 
rounded.  The  same  styles  of  joints  used  in  dividers  are  used  in 
cali|)erB,  and  the  size  of  calipers  is  also  deai^nated  by  the  diatjiin-e 
from  the  joint  to  the  end  oF  the  !«■<;.     I^pring  calijjors  are  made 
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in  sizes  from   two  arid    mnvliulf  to  eight  inches,  wliile  the  other 
styles  vary  up  tn  tweiitv-lKiir  iiielies. 

As  it  is  yimietirnes  necL'ssary  to  make  iiieasureiiieiits  behind 
>iioaI(ler8  imd  in  ehani!)e!x''l  euvities,  wliei'e  the  oitUnary  calipeni 
L-uiild  not  be  removed  after  setting,  it  is  nei'cssary  to  have  cal- 
ijiers  so  aminged  thiit  they  may  be  set,  changed  to  clear  the 
obstnictinn,  and  then  reset  accurately  in  the  first  position.  This 
Is  aecoinplished  by  transfer  calipers,  shown  in  Fig.  19,  in  whieh 
one  leg  is  teinponirily  fastened  to  a  stnb  or  false  leg.  •  After  set- 


tij;.  ».. 
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moved  jiway  rnini  the  shib,  the  calipers 
;  again  plaeed  in  eorjtact  witli  the  Stub; 
'■  foniiil  to  ocenpy  the  same  pnsitinn  as 
il   It'gs  may  be  nsed  in  plaee  of  points 


ling,  this  leg  may 
witlulvawM,  and  tin 
tlie  points  will  th' 
when  firat  set.  Sni 
or  tnmiineU  in  eali|ienng  laig 

Holh  divideiN  and  raliiH-i-saiv  usnally  set  by  means  of  a  scale. 
In  petting  dividi'i's,  jilace  ime  point  in  a  gi'adnatioii  of  the  acale, 
and  move  the  other  nntil  it  falls  easily  irUo  another  gradnation 
which  gives  the  ii([ini-ed  distance.  Ontside  calipi-is  aii;  often  set 
by  placing  (ir:e  leg  agidnsf.  the  end  of  the  si-de  and  moving  the 
other  until  it  is  o|.]»>site  the  miildle  of  the  gi-adnalinti  giving  the 
rpqnirpd  length.     .\>-  the  gnidniitions  arc  not  n.atheniatical  lines. 


l.nt    ba 


appr. 


eiable 


width,    thi^    la. 
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greiit  imiiortanoe.  Iiiskle  calipers  are  set  by  pliicinfT  both  the 
fL-ale  and  calipei-  toe  against  a  plane  biirface  as  slunvn  in  Fig.  21 ; 
the  other  toe  is  then  set  the  same  na  the  outside  caliper. 

Caliiier  legs  are  comparatively  slender,  are  easily  bent,  and  care 
must  be  taken  in  using  them  to  see  that  tlie  contact  with  the 
object  being  tested  is  very  light.  It  is  iin  easy  nrnttev  to  spring 
calipers  of  common  sizes  as  ninch  as  one-si\lrt";tli  of  an  inch. 

The  caliper  square  is  made 
by  attaching  a  movable  blade 
to  Hie  common  square.  In  tlie 
cnxlinary  forms  it  closelj'  re- 
sembles a  stei'l  rule  with  two 
arms  extending  from  it  at  right 
angles,  one  fixed  near  the  end 
and  the  adjustable  arm  sliding  I 
along  tlie  scale  witli  a  clamping 
device  for  adjusting  this  mov- 
able  arm.      In   order   that   the 

movable  arm  may  be  set  accumtely,  caliper  squares  C^'ig-  22),  us 
at  present  constructed,  have  two  clamps  for  the  movable  ann. 
The  one  carrying  the  tliumb  nut  is  to  Ite  first  clamiied  in  a))proxi- 
mat^ly  the  right  jxisition ;  tlie  clamp  on   the  movable  arm  Ik-ing 


,-,1 1,1,1 


Fig.  ! 


secured  after  the  adjustment  has  l>een  iniide  liythe  niit.  The  sizes 
nsed  vary  from  tliree  inches  up,  unil  ai-e  limiti'd  only  by  the  liMiglli 
of  scales  obtainable. 

For  measurements  which  are  nfjurred  to  in;  moii!  accunite  than 
caa  be  obtained  by  the  preceding  forms  of  caliperiiig  devices,  the 
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tnicrometercaliper,  Fi<f.  •2->,  i»  used.  The  accuracy  of  its  inciis- 
ui'ciiieiitt  U  ilctcriiiiiied,  nut  liy  direct  settiiifjto  two  lines,  Init  liv 
finely  dividing  tiie  jiileh  of  the  lueasurinj;  scn-w  nnd  fiirnisliinjj 
means  for  n-adinjj  these  sulxli visions.  It  is  a  registering  as  well 
as  an  indicating  caliicr,  and  thus  serves  the  pun>ose  of  a  common 
caliper  in  combination  with  a  rule,  hnt  with  a  much  greater 
degree  of  accuracy. 

It  consists,  essentially,  of  a  crescent-shaped  frame  carrying  a 
hardened  steel  anvil  II  at  one  end  and  a  nut  of  fine  pitcli  at  the 
other ;  the  axis  of  the  nut  l>cing  at  right  angles  to  the  face  of  the 
anvil,      nie  outside  of  tlie  nut,  A,  forms  a  projection  beyond 


tlio  crescent  that  is  called  tlie  Iwrrel.  The  measuring  screw  con- 
sists of  a  fine-pittriicd  scrtnv  t^i  fit  the  nut,  comhined  with  a 
measuring  iKiiiit  (',  having  a  fact;  pitnillcl  with  that  of  the  anvil. 
Firmly  iitUn-hctl  tu  the  outer  end  of  this  scii;\v,  is  a  tliimhle  D, 
fitting  cioscjy  over  tlie  hari-el ;  the  edge  «i  tiiis  thimlile  is  Iteveled 
so  that  gi-.iduutions  phiced  ou  tlie  edge  come  very  close  to  the 
hiinvl.  A  ivferencf!  line  is  drawn  on  the  harn-l  jiandlel  to  its 
axis  iiud  graduiitcd  tii  repi^eseiit  the  |iitch  of  tht!  sci-ew.  Tlie 
chaitif.-ivd  edge  of  tlie  thimble  is  so  <Uviilcd  that  tlio  movement 
of  one  division  piist  the  i-efciijiLi-e  line  on  tlm  Uini'l  indicates  a 
movement  «jf  tlic  mwisnring  jMant  iif  one  thousandth  of  an  inch. 
Ki.r  example:  if  tlie  latch  of  the  measuring  sci-ew  is  one 
nundredth   of  an  inch,    tliero  should     be    t«n  divisions   ou   the 
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thimble ;  if  one  fiftieth  of  an  inch,  twenty  divisions ;  if  one 
fortietii  of  an  inch,  twenty-five  divisions ;  if  one  twenty-fifth  of 
an  inch,  forty  divisions.  Measuring  screws  having  a  pitch  of  one 
fortieth  of  an  inch  are  commonly  used,  and  every  fourth  division 
on  the  barrel  lengthened  and  numbered  to  indicate  tenths  of  an 
inch  as  shown  in  Fig.  25. 

In  using  the  micrometer  caliper,  it  should  not  be  set  at  the 
size  required  and  pushed  over  the  work,  but  should  be  screwed 
down  until  the  measuring  point  C  and  anvil  B  are  in  contact  with 
the  work;  the  size  may  then  be  read  from  the  relation  of  the 
thimble  to  the  reference  line  on  the  barrel.  The  proper  degree 
of  pressure  to  be  applied  to  the  screw  is  acquired  only  after  ex- 
tended practice,  and  some  manufacturers  place  a  friction  device 
on  the  thimble  so  that  lindue  pressure  cannot  be  exerted. 


Fig.  24. 

The  micrometer  caliper  will  not  only  indicate  that  the  work 
is  too  large  or  too  small,  but  will  also  show  exactly  the  amount 
by  wliich  it  differs  from  the  desired  measui-ement.  This  is  a  great 
improvement  over  the  rigid  fonn  of  calijjers,  and  enables  the 
workman  to  judge  more  accui-ately  the  progress  of  the  work. 
This  form  of  caliper  is  rapidly  coming  into  favor  in  spite  of  its 
cost,  and  for  this  reason  it  has  been  descril)ed  more  at  length  than 
the  common  forms  previously  considered. 

The  range  of  motion  of  the  measuring  screw  is  usually 
limited  to  one  inch.  Various  devices  give  the  micrometer  caliper 
a  larger  range  of  action.  Micrometer  calipers  may  now  be  pur- 
chased in  combinations  or  sets  giving  a  range  from  zero  to  twelve 
inches. 

The  application  of  the  micrometer  principle  to  inside  meas- 
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ureinents  is  not  in  general  use,  bnt  is  easy  to  arninge,  and  nmkes 
a  very  simple  instrnnient,  as  shown  in  Fig.  24.  It  consists  of  an 
ordinary  micrometer  head,  except  tliat  the  outer  end  of  the  thim- 
ble carries  a  contiict  point,  attjiched  to  a  measuring  rod  which  may 
be  of  any  length.  Two  inches  is  about  the  shortest  distance  tliat 
can  be  measured  with  this  device,  but  there  is  hartlly  any  limit  in 
length,  as  the  rigidity  of  the  rod  is  easily  provided  for.  It  is  evi- 
dent that  such  rigidity  is  harder  to  obtain  in  the  curved  shape 
necessary  for  outside  mejisurement,  and  thus  limits  this  form  to 
about  12  inches,  as  above  sbit^d.  The  contact  ix)ints  in  the 
outside  type  are  jMirallel  phme  surfaces,  and  in  the  inside  form  are 
rounded  point^s  of  sniall  racHus.     Outside  micrometei*s    are    pro- 
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vided  with  contact  points  of  varying  foniLS  for  measuring  paper, 
tlireads,  walls  of  tubes,  etc.  The  sliajK^s  for  these  purposes  will 
not  be  shown,  but  may  easily  be  imagined. 

ReadinsT  the  Micrometer.  As  stated  alK)ve,  the  micrometer 
screw  has  40  threads  per  inch  and  th(^  thind)le  has  25  divisions 
on  its  circumference.  Hie  barrel  is  divided  to  coiTespond  to  the 
pitch  of  the  screw  with  each  fourth  division  nund)ere<l.  In  read- 
ing the  indicated  nKjasurenient,  lirst  note  the  highest  numl)er  visi- 
ble on  the  barrel,  and  call  it  hundreds  (if  thousands  or  tenths.  (In 
Fig.  25  it  is  400  ,tlHMisandths  or  .400.)  Then  read  the  short 
<livisi<ms  on  tht*  barrel,  calling  the  first  division  25  thousandths 
(.025),  the  second  50  thousandths  (.050),  and  the  thiixl  75  thou- 
sandths (.075).  In  this  figure  the  third  division  is  the  last  one 
visible.     Now  read  the  nundier  indicat(;d  on  the  thimble;  that  i^ 
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the  nmiiber  that  hiis  passed  the  line  running  lengthwise.     In  the 
figure  it  is  16 ;  or  16.i   if  the  ivading  is  ti)  Ik^  finer  than  ihou- 
'  sanilths.     Add  this  reading  to  the  readings  of  the  short  divisions, 
thus:    75 +  16.]  =91.];    this 
is  .0911.     Adding  tJie  .400 
to  this  we  get  .491].     This 
means  that  the  distance  from 
the  anvil  to  the  measuring- 
point  is  3Y])V<r  ^^  ^^  inch,  or 
.4916  inch.     If  the  microm- 
eter caliper  is  a  good  one, 
we  may  be  sure  tlie  distance 
is    between   .491   inch    and 
.492  inch. 

The  Vernier.  As  has 
already  l)een  stated,  the  finest 
graduation  that  can  l)e  easily 
read  on  a  steel  rule  by  the 
naked  eye,  even  after  much 
practice,  is  one-hundredth  of 
an  inch.  With  the  growing 
refinement  in  measurements, 
it  was  found  necessary  to 
obtain  readings  finer  t*uin 
this,  and  a  methcxi  of  subdi- 
vision, known  from  the  name 
of  the  inventor,  as  tlie  "  Ver- 
nier," was  adopted.  The 
principle  will  first  be  ex- 
plained.    (See  Fig.  26.) 

Let  two  rules  be  so 
graduated  that  the  true  scale 
has  each  inch  divided  into 
ten  equal  parts,  and  the  Ver- 
nier scale  has  ten  divisions  occupying  the  same  space  as  nine  of 
the  divisions  of  the  scale.  It  is  evident  tliat  one  of  the  divisions 
on  the  Vernier  is  equal  to  -^^  of  one  of  those  on  the  scale.  Now,  if 
the  Vernier  be  moved  to  the  right  so  that  the  graduations  marked 
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1  shall  coincide,  tlie  Vernier  will  have  moved  one  tenth  of  a  divis- 
ion on  the  scale,  or  one  hundredtli  of  an  inch ;  when  gmduations 
numbered  5  coincide,  the  Vernier  will  have  moved  five  hundredtlis 
of  an  inch;  when  lines  marked  0  and  10  coincide,  the  Vernier 
will  have  moved  nine  hundredths  of  an  inch;  and  when  10  on 
the  Vernier  comes  opposite  10  on  the  scale,  the  Vernier  will  have 
moved  ten  hundredths  of  an  inch,  or  tl>e  whole  of  one  division 
on  tlie  scale.  By  tliis  means  the  scale,  although  graduated  only 
to  tenths  of  an  inch,  may  l)e  accurately  set  at  pouits  whose  posi- 
tions are  expressed  in  hundi-edtlis  of  an  inch. 
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Fig.  27. 
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Let  us  consider  Fig.  2G.  At  A  the  Vernier  is  shown  with 
the  0  in  line  with  2  on  the  scale;  hence  the  reading  is  2.000. 

In  B,  the  0  of  the  Vernier  has  moved  to  the  right  beyond  the 
division  marked  5.  The  line  9  on  the  Vernier  is  in  line  with  a 
line  on  the  scale ;  hence  the  reading  is  2.r>l». 

In  C,  the  zero  of  the  Vernier  has  moved  to  the  right  still 
farther.     The  reading  is  evidently  4.05. 

In  D,  the  reading  is  3.43. 

In  E,  the  reading  is  2.28. 

While  arcs  of  small  radius  can  be  easily  graduated  into  de- 
grees, it  is  not  possible  to  subdivide  the  degree  without  making 
the  divisions  confusing.  P>y  aid  of  the  Vernier  placed  just 
above  the  true  scale  representing  degrees,  readings  can  be  made 
with  accuracy  to  one-tentli  of  a  degree,  or  six  minutes.      The 
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divisions  of  sucli  ti  Vernier  scale  are  sliowii  in  Fig.  27,  and  are 
also  shown  when  set  to  read  7*3°  iH'. 

The  most  coininoii  a{)plieation  of  thtt  Vernier  t^)  linear  nieH»- 
urements  is  found  in  the  Vernier  cali|>er  miuare.     The  one  shown 


in  Fig.  28  reads  to  one-thousandth  of  an  inch.  Each  inch  of  the 
true  scale,  or  beam  of  the  instrument,  is  divided  into  40  jjiirta 
(every  fourth  graduation  being  emphasized),  while  the  Vernier, 
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or  sliding-scale,  has  25  divisions,  occupying,  the  same  space  as  24 
divisions  on  the  true  scale,  liy  tlie  reasoning  used  in  connection 
with  Fig.  26  tlie  difference  in  length  of  one  division  on  tJie  Ver- 
nier, as  compared  with  one  of  those  on  the  true  scale,  is  equal  to 
one  twenty-fifth  of  one  fortieth  or  one  thousiindth  of  an  inch,  'i'lie 
caliper  square  shown  in  Fig.  28  ia  set  at  .279  inch.  The  scale  is 
also  shown  enlarged  in  which  the  reading  is  1.31  inch. 

By  the  use  of  tlie  Vernier  in  connection  with  the  micrometer 
caliper,  readings  are  easily  made  to  one  ten-thousandth  of  an  inch. 
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As  shown  ill  Fig.  20,  lint's  jui-  dntwii  mi  tl»!  Iiiincl  imrallel  to  the 
reference  line,  niiikiiig  tun  i-qnul  diviHioiis  mHrupying  the  same 
spiK'e  !iH  nine  divisions  on  tlie  chinilile.  liefeiring  to  Fig.  30,  it 
will  be  seen  tluit  eiich  division  on  llio  ihinihlc  niiiy  Ihj  accurately 
divided  into  ion  [arts,  eacli  indiciiting  ;i  iliiTiTi,-iicu  in  the  position 


Fig.  29. 


of  the  nifjisnring  j.oiTil  of  one  tt-n-thonsinidili  of  lui  im-li.  Uupid 
reading  of  thf  Vviiiicr  in  ;iny  form  ciin  only  lii'  in'i|nii\-il  liy  itmc- 
ticf,  l.nt  ihr  fulliwirig  diivi'tions  may  U-  found  hL-l|ifLil : 

In  Reading  the  Vernier,  we  nnisL  liciir  in  mirnl  tliL-  fmrt  tliat 
oacli  (livisi,.n  on  Uk-  W-nnn-  is  /;,  ..f  (.m-  .livision  on  tho  wale, 
and  tliat  if  line  No.  1  on  tin-  "\'.-iin.T  is  in  lint-  willi  any  division 
of  the  .-ii-idi-  the  /.ero  of  tile  \'enner  is  .,\,  of  .me  division  nwny 
front  llie  i;rM.lnalinii  Ih'Iow  il  :  if  line  No.  2  is  in  line,  the  zero  is 
j-„  away  from  the  gradnation:  if  line  No.  ti  is  in  line,  the  zero 
i.s  -j''||    away. 

SujJiiose  the  Vernier  is  in  oosilion  on  (lie  sealo  and  giiidimted 
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as  shown  ill  Fig.  30.  First  read  tlie  highest  division  on  the  scale 
to  tlie  left  of  tlie  zero  on  the  Vernier.  (69  is  the  division  in  the 
tigul^^)  Tlien  follow  along  the  scale  (to  the  right)  \uitil  two 
graduiitions  ai*e  found  that  are  in  line,  as  at  6  on  the  Vernier  and 
75  on  the  scale.  Now,  since  one  division  on  the  Vernier  means 
tliat  the  zero  is  -^j^  of  a  division  of  the  scale  away,  six  divisions 
of  the  Vernier  means  tliat  tlie  zero  is  -^q-  away ;  hence  the  zero 
of  the  Vernier  is  -^^g  l>eyond  the  69,  and  the  reading  is  69  and 
r^j^  or  69.6. 

Arcs  of  circles,  such  as  are  on  surveyor's  instruments,  may 
be  graduated  to  read  to  half  degrees  if  the  diameter  is  about  8 
inches.  Now,  if  we  put  on  the  circle  a  Vernier  gmduated  so  that 
we  have  30  divisions  equal  to  29  divisions  of  the  scale  (arc),  we 
can  read  30ths  of  half  degrees  or  minutes. 
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Vernier  Micrometer.  To  get  very  accurate  readings,  a  Ver- 
nier scale  is  placed  on  the  barrel  of  the  micrometer  caliper.  Let 
Fig.  29  represent  the  back  side  of  the  micrometer  caliper  shown 
in  Fig.  25.  The  reading  already  obtiiined  was  .401  inch.  Now 
turn  tlie  caliper  over  (Fig.  29),  and,  commencing  at  the  rii^lit, 
count  the  graduations  until  one  is  reached  that  coincides  or  is  in  . 
line  with  a  graduation  on  the  thimble.  In  doing  this,  call  the  lii-st 
division  zero,  the  second  1,  the  third  2,  etc.  The  numlKT  of  the 
division  on  the  Vernier  that  is  in  line  with  the  division  on  the 
thimble  indicates  the  ten-thousandths  above  the  reguhir  microme- 
ter reading.  From  Fig.  29  we  see  that  the  r)th  line  is  tlu^  i^n-adu- 
aticm  which  is  iu  line  with  the  division  on  the  thim])l(^  which 
should  be  called  4,  as  explained  above.  Then  the  reading  is 
.4914  instead  of  .4915,  as  we  read  it  from  the  other  side  (the 
plain  micrometer).  With  a  good  micrometer,  we  can  be  sure  that 
the  distance  between  the  anvil  and  the  point  is  more  than  A\)V6 
and  less  than  .4915. 
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The  Retrograde  Vernier.  In  addition  to  the  direct  Vernier, 
there  is  aiiotlier  form  called  the  retrograde  Vernier,  which  hits  10 

divisions  on  the  Vernier  and  11  on 
the  scale.     Iji  this  case  the  gradua- 
tions   on    the  Vernier  must  be  re- 
-    versed,  as  shown  in  Fig.  31. 

Caliixirs   reading  to  ten-thous- 
andths   should    not   be    commonly 
used  when   fine    measurements  are 
not  required,  because  in  an  instru- 
ment of  this  class  wear  is  perceptible  and  important  which  would 
l>c  of  comparatively  little  consequence  in  a  caliper  that  reads  only 
to  thousandths. 

In  using  the  micrometer  caliix^r  for  fine  measurements,  care 
should  l)e  tiikcMi  in  the  handling  of  the  instrument.  Constant  con- 
t4ict  with  the  warmth  of  the  hand  will  expand  it  sufficiently  to 
make  an  error  in  the  readin<j:.  The  bodv  should  be  held  between 
the  thumb  and  forefinger  of  one  hand  and  the  thimble  turned  with 
the  other.  It  should  be  laid  aside  as  soon  as  a  reading  has  been 
n)ade.  It  should  never  be  laid  \\[hm\  a  piece  of  cold  iron,  because 
the  contraction  due  to  chillinqf  is  likely  to  cause  an  error  in  the 
opposite  direction  from  that  which  would  be  caused  by  the  heat 
of  tlie  hand. 
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EXAMPLES   FOR    PRACTICE. 

1.  A  micrometer  caliper  shows  a  reading  of  .IGo  ;  how  many 
times  must  the  thimble  be  turned  to  produce  a  reading  of  .o87? 
Assume  40  threads  jKjr  inch.  Ans.  45  J  times. 
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2.  What  are  the  readmgs  of  the  Vernier  micrometer  calipeia 
shown  in  Figs.  A  and  B  ?      Ans.  .039. 

3.  State  the  readings  of  tlie 
micrometer  calipers  shown  in  Figs. 
C  and  D.  Ans.  .1546. 

4.  Give  the  readings  of  the 
Vernier  micrometer  calipers  shown 
in  Figs.  E  and  F.  Ans.  .7398. 

5.  Sketch  tlie  front  and  back  of 
a  Vernier  micrometer  caliper  when 
the  reading  is  .6327. 

6.  What  is  the  reading  of  the 
Vernier  and  scale  when  in  position  G? 

Ans.  6.36. 


Fixed  Gauges.  While  the  adjustable  gauges  that  have  just 
been  described  are  available  for  a  large  range  of  work,  gauges  of 
one  dimension,  or  fixed  gauges,  are  used  to  a  considerable  extent, 
esj^ecially  in  shops  where  work  of  a  duplicate  character  is  produced 
in  large  quantities.  These  may  be  used  as  standards  to  which 
adjustable  gauges  may  be  set,  or  used  directly  in  connection  with 
the  work  in  the  same  manner  as  an  adjustable  gauge.  The  form 
of  such  gauges  for  comparisons  of  length  is  a  steel  rod  with  the 
ends  carefully  ground  so  that  the  distance  required  may  be 
quickly  and  accurately  determined.  In  one  form  the  ends  are 
parallel  plane  surfaces,  and  in  another  the  ends  are  sections  of  a 
sphere  of  the  same  diameter  as  the  length  of  the  rod.  Both  these 
forms  are  illustrated  in  Fig.  32.  Another  form  of  gauge  for  the 
same  purpose  consists  of  hanlened  and  ground  steel  disks,  Fig.  33, 
to  which  calipers  and  similar  tools  may  be  set,  and  which  may  be 
used  also  to  test  the  size  of  holes  by  direct  application.  For  the 
latter  purpose  handles  are  provided  by  which  the  disks  can  be  con- 
veniently manipulated. 
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Plug  iiiul  ring  giiugcs,  as  sliowii  in  F'ig-  3-^'  furiiisli  accurate 
iiiid  ciinvt'iiicnt  sUinilanlM  for  llu'  |)iiidiictit>ii  of  duiilitatt;  parts  of 
juacliiiies.     Tlie  siiiiie  result  is  iittiiiiieil  by  tliu  calijier  gauge  sliowii 


Fifi.  32. 

Ill  i-'ijj.  -15,  wliii-li  ciuiihiiies  Uit;  two  gauges  iu  one  iticci'.  In  Uiis 
fm-m  th(;  cxlcnial  gauge  lias  paralk-l  |jlaue  surfan-s  aud  the  in- 
ternal gauge   is   a  section  of  a  cylintler.     In  sizes  alji)ve    tliree 


inches,  the  caliper  gangi'  is  usually  mailc  in  two  jiiirts,  also  shown 
in  Fi^'.  '■'>'>,  making  tin-  Li>o]  v:\sn-v  in  liandlc. 

As  is  indieatcl  hy  thi-  .-(.st  of  llics,'  gaiig.-s,   the  exact  .lupli- 
catiun  of  suelt  exact  sizes  in  quaiitilit-s  would  uieiui  a  cmt  tliat 
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woulil  be  ])roliil)itive  in  niiichine  construction.  The  limit  of  ori-or 
ill  the  stiimlattl  g-<tugcs  just  doseribed  is  never  over  one  teu-thou- 
sanilth  of  an  Inch  at  a  stiindanl  temperature,  wliicli  is  usually  Uikcn 
as  70°  F.     Ordinary  machine  parts  do  not  require  such  accuracy, 


Fig.  S*. 


and  it  is  usual  to  allo\v  a  limit  of  errur  which  is  in  nccoitlunce 
witli  the  class  of  woik  being  pioduced. 

For  testing  sizes  and  dimensions,  both  nt  tlic  niachino  and  in 
the  insjjectioii  de^iartinent,  combination  gauges,  ktiowii  as  limit 
gauges,  are  employed.     These  are  made  botli  fur  external   and 


Fig.  85. 


inteniid  mejiKurements.  Tlic  external  gauge  shown  In  Fig.  36  is 
for  testing  pieces  supiHisecl  to  Im  .25  inch  in  dimiieter.  As  indi- 
cated by  the  figures  on  the  gauge,  tlie  piece  is  allowed  a  vai-iation 
of  .0005  inch  over,  and  .001  inch  under  the  noniimd  size.  The 
words  "go  on,"  and  "not go  on,"  staniinrd  near  tlie  ends,  indicate 
clearly  how  tlie  gauge  is  used.  Thi.s  gauge  is  more  conveniently 
arranged  as  shown  in  Fig.  S7,  in  wbirh  tlio  work  imist  euler  the 
first  parallel  opening,  but  must  not  pass  through  the  secoinl.  In 
this  form,  one  motion  testa  the  piece  for  variation  iiliove  and  iie- 
low  the  standard.  Fig.  38  shows  a  limit  gauge  for  holes,  Ihe  end 
marked  "go  'r  "  being  required  to  pass  into  the  hole,  while  the 
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other  end  marked  "  not  go  in,"  must  not  enter.  An  arrangement 
of  the  internal  limit  gauge  similar  to  the  external  gauge  of  Fig.  37 
is  shown  in  Fig.  39,  and  has  the  same  advantages. 


Fig.  36. 


Fig.  37. 


In  some  classes  of  work,  no  variation  is  allowed  over  the 
standard,  and  iji  others,  no  variation  is  allowed  under  the  nominal 
size.  The  amount  of  variation  allowed  in  any  case  is  governed 
by  the  class  of  work  and  the  intended  use  of  the  piece.     As 
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Fig.  38. 
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these  allowances  are  not  uniform,  sucli  gauges  are  made  only  to 
order. 

For  many  years  gauges  of  an  entirely  different  character 
have  been  used  in  the  measurement  of  wire,  small  rods,  and  sheet 
n)etal.  The  sizes  have  been  dcsiij^nated,  not  by  tlie  diameter  or 
any  definite  unit,  but  by  a  numl)i*r  or  letter  in  a  purely  arbitrary 
manner.  Even  in  the;  same  gauge,  tlie  sizes  do  not  advance  in 
any  regular  order.  Tlie  matter  is  still  further  complicated  by 
the  fact  that  in  one  gauge  large  numbers  indicate  large  sizes, 
while  in  another,  the  smaller  numbers  mark  the  large  diameters. 
Another  source  of  annoyance  lies  in  the  fact  that  such  gjiuges 
are  cheaply  made  and  cannot  be  relied  upon  to  be  duplicates  of 
one  anothcM'.  I'bcse  gauges  were  th(*  natural  result  of  the  recogni- 
tion by  large  man u fact  urei*s  of  the  necessity  of  standanls  by  which 
to  grade  their  products.  Hence  we  have  such  gauges  as  the 
Brown  and  Sharpe,  Binnincfham  or  Stubs,  Washburn  and  Moen, 
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United  States  standard,  Morse  Twist  Drill  Co.,  and  many  others. 
As  a  step  in  the  right  direction,  a  decimal  gauge  has  recently 
been  adopted,  in  which  the  sizes  are  indicated  by  numbers  which 
represent  the  diameters  in  thousandths  of  an  inch.     Most  of  these 


Fig.  S9. 

gauges  had  their  origin  in  Jhjs  when  refined  measurements  were 
nut  ciinnwon,  but  since  the  use  of  the  micrometer  caliper  has 
become  almost  universal,  there  seems  to  be  no  good  reason  why 
all  sizes  should  not  lie  ex^iressed  in  thousandtlis  of  an  inch,  thus 


avoiding  all   the  troubles   incident  to  the  use  of  the  arbitrary 


For  the  production  of  accurate  piano  surfaces  the  use  of  tlie 
straight  edge  is  not  sufficient.  Such  durfaces  should  Ije  compared 
with  standard  surfaces  called  surface  plates.  Fig,  40.  A  surface 
plate  is  a  cast>iron  plate  strongly  ribbed  on  the  back  to  prevent 
distortion,  and  supported  on  three  points  tfl  insure  a  uniform 
b;ise.  T!ie  prodnelion  and  use  will  lie  dcsrnbed  under  the  bead 
of  "  Scraping."  Tliey  may  I>e  bad  i  sizes  varying  from  S  inches 
by  i  inches  to  36  inches  by  72  inche  . 
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Tlu*  machinist's  bench  at  which  hand  work  is  ordinarily  per- 
formed  should  lie  of  suUstantial  character,  about  two  feet  ten  inches 
fnun  the  fl»)orand  two  feet  six  inches  wide  (see  Fig.  41).  For  the 
Siikt-  of  economy  it  is  iisu;d  to  have  a  two  and  one-half  or  three 

inch  jdank  at  tlie  front  to 
which  tlie  vises  are  fast- 
eneil  and  on  which  all  the 
heavv  work  is  done,  while 
tlie  rear  of  the  bench  is 
maile  from  one-inch  stuff. 
Maple  and  birch  are  pre- 
ferred as  materials  for  a 
l)ench,  although  ash  makes 
a  very  good  substitute. 

In  oixler  that  work 
may  be  held  rigidly  for  the 
{)erforniance  of  hand  oi)ei'a- 
tions,  the  machinist  uses 
what  is  termed  a  tnse. 
They  are  made  in  a  great 
variety  of  forms  and  sizes, 
but  all  i;onsist  essentially 
of  a  fixed  jaw,  a  movable 
jaw,  a  screw,  a  nut  fast- 
ened to  the  lixrd  jaw,  and  a  handle  by  wliicli  the  screw  is  turned 
in  the  nut  and  tin*  niovabh;  jaw  ])r()UL,dit  into  position.  The 
Hcrtionjil  view,  Kii^.  42,  sli(»ws  [\\vsv.  pjirls  clearly  and  ;ilso  a  device, 
present  in  sonic  form  in  all  vises,  by  wliit'li  liic  movable  jaw  is  sepa- 
rated from  the  lixt'd  jaw  when  the  screw  is  l)acked  out  in  the  nut. 
In  the  niarliinist's  vise,  boih  jiws  arc  made  of  cast  iron  with 
removalile  faces  of  cast  steel.  These  may  be  checkered  to  provide 
a  firm  ;^rip  f<»i'  he;i\y  work,  or  may  be  smooth  to  avoid  the  mark- 
ing the  surface  of  the  platen  opei;it(Ml  upon.  When  holding  soft 
metd,  {'Arn  tluj  smooth  steel  jaws  would  mar  tlie  surface;  and  in 
such  cases  it  is  customary  to  use  false  jaws  of  brass  or  Babbitt 
metid,  or  to  fasten  leatlier  or  pajx'r  directly  to  the  steel  jaws. 
'I'he  screw  and  handle  are  made  from  steel  and  the  nut  from 
uiulleable  iron* 
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Tlie  coiiiiiion  iiietliod  uf  fastening  a  vi»c  to  the  bench  is  by 
means  of  the  fixed  baae  shown  iu  Fig.  42,  iiltliougli  it  swivel  Imse 
such  as  is  shuwn  in  Fig.  43  is  preferable.  The  vise  shown  in 
Fig.  43  ha-s  a  swivel  jiiw  also  which  enables  it  to  hold  tapered 
work  securely.  This  swivel  jaw  is  provided  with  a  locking-pin 
which  iixes  the  jaws  in  a  parallel  position.     The  height  of  the 


Fig.  41. 


vise  from  the  floor  depends  soinewhut  on  the  class  of  work  to  be 
performed,  but  a  geiier.il  rule  is  to  have  tin;  top  nf  tin:  jiiws  abimt 
one  and  one-half  inches  below  the  jxtint  of  tlie  elbow  when  atinid- 
ing  erect  beside  the  vise. 


CUTTINO   TOOLS. 

The  simplest  form  of  metiil-cntting  tool  is  the  chisel.  The 
several  types  in  common  use  iire  shown  in  Fig.  44.  Tlio  ilat 
chisel  is  used  for  snagging  casthigs,  for  cliipping  stirfiices  having 
less  wdth  than  the  edge  of  the  cliisel,  and  for  all  genond  cliip- 
ping  operations.  It  is  the  form  most  commonly  used,  and  is 
often  called  the  cold   chisel,     (ieiicndly  it  hits  u  cutting  edge 
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about  an  eightli  of  an  iiiuli  wi'iler  than  tlie  stock  from  wliicli  it  is 
foi;g(;tl.  The  cape  chisel  is  usftl  for  cutting  key  ways,  cliaiiuele, 
eUi.,  and  also  for  bixiakiug  up  surfaces  too  wide  to  cliip  witli  the 
flat  chisel  alone.  Clnuiiiels  are  diiven  across  eucli  a  surface, 
leaving  raised  portions  or  "lands"  to  be  removed  by  the  flat 
chisel.  The  cutting  edge  of  tliis  chisel  is  usually  one-eighth  of 
an  inch  narrower  than  the  shank,  and  tlie  part  just  in  the  rear  of 
the  cutting  edge  is  made  tliiu  euougii  to  avoid  binding  in  the 


Fitr.  4fl. 

Riot.  As  tilis  weakens  the  chisel,  it  is  made  conipanitivoly  thick 
in  the  iihine  at  right  angles  to  the  cutting  e<Ige. 

The  diamond  point  chisel  is  made  hy  drawing  out  the  end 
of  tho  stock  to  iilmut -j''|,  inrh  siiuiii-c,  and  j,'i'iii<iing  the  end  at  an 
angle  with  the  axis  of  t!ie  chisel,  leaving  a  dianiund-sbaiMjd  jKant 
It  is  used  for  dniwiiig  holes,  making  oil  grooves,  and  cutting 
holes  in  flat  jilaK'S. 

The  small  round-nosed  chisel  is  cylindrical  in  section  near 
the  cutting  end,  the  edge  l)cing  ground  at  an  angle  of  fJO"  with 
the  axis  of  the  chisel.  When  used  to  "draw"  the  shirting  oi 
drilleii  Ii<)le8  to  bring  them  concentric  with  tlie  drilling  cireles 
tliey    urn   called   center  chisels.       Tliis   form    is   also   used     fo 
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cutting  clianiie)'.  such  as  oil  grooves  and  similar  work.  Tiie 
larger  sizes  of  round-nosed  ciiiscls  arc  of  the  gciiciiil  sliai>e  oi 
the  cape  chisel  with  one  cage  rounded,  making  a  convex  cutting 
edge.  Large  round  bottomed  channels  and  all  concave  surfjicea 
are  the  proijer  work  of  the  round-noaed  chisel. 

All  the  accompanying  forms  eliould  he  made  from  a  goixJ 
grade  of  tool  steel,  carefully  forged,  hardened,  and  tempered  to 
a  purple  color.  The  stock  generally  used  is  octagonal,  and  tlie 
chisels  for  heavy  work  are  about  eight  inches  long  and  three- 
quarters  of  an  inch  in  diameter. 


i 


Fig.  44. 


The  two  bevels  forming  the  cutting  edge  of  a  chisel  should 
make  with  each  otlier  as  small  an  angle  as  is  possible  witliout 
leaving  tlie  cutting  edge  weak.  If  the  angle  is  too  small,  the 
chisel  will  soon  l)eeome  dull,  while  if  large,  more  force  will  be 
rpquired  to  drive  it.  The  best  angle  for  cutting  cast  iron,  all 
things  considered,  is  about  70°,  while  for  wrought  iron  and  mild 
.steel  a  slightly  smaller  angle,  say  00°,  will  be  better.  When  there 
arc  two  bevels,  they  should  lie  alike  in  width,  and  form  equal 
angles  with  the  center  lino  of  the  chisel.  Small  round-nosed 
chisels  and  some  slotting  chisels  are  ground  one-sided,  tliat  is, 
with  but  one  bevel  like  a  wood  chisel.  The  angle  between  tliu 
surfaces  which  form  the  cutting  edge  should  be  the  same,  whether 
tliese  surfaces  are  both  bevels,  or  one  a  bevel  and  tlie  other  the 
straight  si<Ie  of  tlie  chisel.  In  a  one-sided  chisel,  therefore,  tlie 
angle  that  tlie  bevel  forms  with  tlie  center  line  of  the  chisel 
should  be  twice  as  large  as  iu  one  having  two  l<evels. 

To  cut  well,  chiseis  should  be  sharo,  and  therefore  should 
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be  gruiiiitl  lit  (iiice  when  ihey  l)et-oiii«  iliill.  Tliis  may  Ije  done  on 
at)  emery  oi-  (-uilMtriiiidiiiu  wheel,  not  finer  than  No.  GO,  care 
Iwiiiff  taken  Ut  avoid  Heating,  which  draws  the  temper,  uad 
siKiilH  the  tool. 

Chipping  is  a  tenn  apiilied  to  tlie  removal  of  metfll  with  the 
cold  chisel  niid  hiininiei-.  TJie  defjive  of  uccuracy  required  varies. 
The  [iiece  is  Jield  in  a  vise,  and  the  inetlnwl  of  working  is  to  grasp 
the  chisel  firmly  witli  tlie  left 
i,  holding  the  cutting  edge 
lo  tlie  work,  and  striking  the 
head  of  the  chisel  with  the 
liaininer,  keeping  the  eyes  on 
t!ie  edge  of  the  chisel  to  watch 
llic  piMgr^ss  of  tlie  work  {sef 
I'ig.  4")).  The  lower  side  oi 
U^vel  of  the  chisel  is  the  guid 
ing  surface,  imd  is  held  at  a 
veiy  slight  angle  with  tlie  fin- 
ished portion  nf  the  work,  the 
uniting  edge  only  touching. 
Raising  or  lowering  the  shank 
of  the  I'lijset  increases  or  de- 
■■leases  the  inelination  of  the 
guiding  Itevel,  and  causes  the 
chisel  to  bike  a  heavier  or  lighter 
cut.  If  tlie  hand  is  carried  too 
lid  ..r  the  cut:  while  if 
ill  be  slow,  owing  to  the 
iiin.     The  deptli  of  the 
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is  esjjeciiilly  to  be  observed  in  chipping  key  ways  with  a  cape  chisel ; 
un  ample  niai^in  for  filing  siiould  be  left,  both  on  the  sides  and 
iMi  tlie  bottom. 

Tlie  file  differs  from  the  chisel  in  having  a  large  numl)er  of 
cutting  points  instead  of  one  cutting  edge,  and  in  being  driven 


Fig.  46. 

directly  by  tlie  hand  instead  of  by  tlie  hammer.  As  hand  power 
only  is  used,  it  is  evident  that  the  amount  of  metal  removed  at 
one  stroke  will  be  small,  and  the  amount  removed  by  a  single 
tooth  will  be  exceedingly  small. 

Files  are  made  from  cast  or  crucible  steel,  and  Hn  manufac- 
ture pass  tlirough  the  successive  processes  of  forging,  annealing, 
grinding,  cutting,  hardening,  and  tempering.  They  have  thi-ee 
distinguishing  features,  viz.,  length,  kind  or  name,  and    cut  or 
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Fig.  47. 

coarseness  of  teeth.  Length  is  measured  from  the  he'd  A  to  the 
{Kiint  B,  Fig.  46  ;  the  tang  C  not  being  included.  Tlicst*  lengths 
var}'  from  three  inches  to  twenty  inches. 

There  are  many  kinds  manufactured,  those  in  common  use 
being  the  flat  (A),  hand  (IV),  waixling  (C),  scpian^  (I)),  three 
Rc[uare  or  triangular  (K),  half  round  (  F),  and  round  ((i ),  si^etions 
of  which  are  shown  in  Fig.  47. 

The  cut  of  files  is  in  two  styles,  single  and  double  ;  and  each 
style  has  several  grades  of  coarseness,  viz.,  coars(»,  bastard,  second- 
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cut,  sinootli,  luid  (lend  smooth.  TUe  last  two  grades  are  some- 
times  called  fine  and  superfine,  j^a  is  sliowii  in  Fig,  48,  the 
coarseness  of  each  style  varies  witli  the  length  —  the  longer  the 
file  the  coarser  tlie  cut. 

1£  the  cutting  surface  of  a  file  were  perfectly  flat,  the  num- 
ber of  t«eth  tir  cutting  points  engaged  with  tlie  work  would 
depend  on  the  width  of  tlie  file  and  the  width  of  the  piece  being 
filed.  To  force  as  many  cut 
ting  points  as  would  be  coi^ 
tained  in  such  a  large  area 
deeply  enough  into  the  metal 
to  enable  each  to  remove  its 
share  of  the  stcrck,  would  be 
beyond  the  power  of  the  man 
pushing  tlie  file.  To  avoid  this  necessity  for  great  pressure,  files 
are  usually  "bellied"  or  made  slightly  conve.x  in  the  direction 
of  tlieir  length,  so  that,  theoretically,  the  file  and  the  work  are 
in  contact  oidy  on  a  line  as  long  as  tlie  widtli  of  the  file.  This 
enables  the  file  to  Iw  forced  into  the  metal  sufficiently  for  the 
teeth  to  bite,  and  thus  avoids  dulbng  the  teeth,  which  always 
occurs  when  t!ie  file  is  allowed  to  ghde  over  the  work  without 
sufficient  cutting. 

This  convexity  of  files  also  serves  anotlier  purpose.  The  pres- 
sure applied  to  the  file  to  make  it  bite  bends  the  file  more  or  less 
(see  Fig.  49),  and  if  the  file  in  its  natur.il  state  were  perfectly 
flat,  when  cutting  it  would  be  concave ;  and  this  would  prevent 
the  production  of  a  flat  surface.  It  would  cut  away  at  the  edges 
o£  the  work  and  leave  a  convex  surface.  Such  files  might,  how- 
ever, be  used  on  convex  surfaces. 

Work  for  filing  is  usually  held  in  a  vise  such  as  has  already 
been  described,  and  under  onliiiiiiy  cii-eumstances  tlie  surface  of 
tlie  work  should  lie  about  the  height  of  the  elbow.  For  fine  work 
with  small  files,  where  close  observation  is  of  more  importance 
than  pressure  on  the  file,  the  work  should  he  liigher  than  this,  tfie 
height  increasing  with  the  iiHincmcnt  of  the  work.  On  the  other 
hand,  for  very  heavy  filing,  where  great  pressure  is  aheolutely 
necessary,  the  work  should  be  several  inclies  below  the  point  of 
ibfl  elbow,  so  that  the  weight  of   the  bod^    may   be  used   to  good 
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advantage,  ami  also  because  tlie  workman  naturally  stoops  a  little 
when  exertiiijj  great  pressure  on  the  file. 

The  handles  commonly  atfciched  to  files  are  made  of  wood 
and  are  made  to  fit  tlie  hollow  of  the  liand.  They  are  driven  onto 
the  tang  of  the  file  ;  a  ferrule  on  tlie  handle  preventing  it  from 
splitting.  Care  should  be  taken  to  have  the  axis  of  the  handle 
parallel  with  the  file.  A  goo<l  way  to  prepjwe  the  handle  for  the 
tang  is  to  heat  the  tang  to  a  dull  red,  tlie  file  pro[)er  being  kept 
cool  by  a  piece  of  wet  waste,  and  the  hole  in  the  handle  burned 


Fig.  40. 

cat  until  the  tang  is  almost  in  the  position  it  is  designed  to 
finally  occupy.  After  cooling  the  tang,  very  little  driving  will  be 
required  to  securely  fasten  tlie  handle  to  the  file. 

When  filing  surfaces  of  such  size  that  the  handle  as  ordina- 
rily applied  would  interfere  with  tlie  use  of  the  file,  tlie  tang  may 
be  bent  up  to  an  angle  so  tlmt  the  handle  will  clear  tlie  surface. 
Various  fonus  of  holders  are  used  for  fding  under  these  circum- 
stances; the  simplest  forms  I»eing  shown  in  Fig.  50. 

The  correct  position  for  filing  is  about  as  follows  :  feet  about 
eight  inches  apart  and  at  right  angles,  the  left  foot  being  in  line 
with  tJie  file;  stand  back  from  the  vise  so  that  the  body  may  fol- 
low the  file  slightly;  gnisp  tlie  file  handle  with  tlie  right  hand, 
fingers  below,  thumb  on  top  of  the  handle  ;  for  coarse  filing,  place 
the  liall  of  the  thumb  of  the  left  hand  on  the  point  of  the  file ;  for 
fine  filing  grasp  tlie  point  of  the  file  with  the  tliunib  and  fore- 
finger of  the  left  hand.  See  Fig.  51.  When  holding  the  file  in 
one  hund;  as  is  often  done  in  liglit  work,  the  forefinger  should  be 
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on  top  of  the  file  pointing  in  the  direction  of  its  length,  as  is 
shown  in  Fig.  52.  This  allows  free  movement  of  the  hand  and 
wrist,  pressure  being  applied  principally  by  the  forefinger. 

As  file  teeth  or  cutting  edges  point  toward  the  end  of  the 
file,  it  is  evident  that  the  file  can  cut  only  when  moving  in  a  for- 
wanl  direction.  On  the  return  stroke,  the  pressure  should  be  re- 
lieved ;  otherwise  the  teeth  w  ill  be  dulled  when  drawn  back  over 
the  surface. 

The  kind  of  metal  being  worked  determines  in  a  great  meas- 
ure the  chanicter  of  the  file  to  be  used.  Cast  iron,  especially  if 
the  scale  has  not  been  previously  removed,  is  particularly  hard  on  a 
new  file,  as  the  glassy  character  of  the  scale  tends  to  dull  the  cut'- 
ting  edges.  New  files  shr)uld  never  be  used  on  such  a  surface. 
It  is  found  that  on  tool  steel,  and  hard  materials  generally,  a  seo 
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ond-cut  file  is  Ijett^T  thon  the  bastard.  This  is  because  if  pressure 
enough  is  exerted  to  cause  the  coarse  teeth  of  the  bastaixl  to  bite 
into  the  work,  the  tcetli,  being  coinjuirativcly  long,  are  very  likely 
to  be  broken  ofT.  In  the  second-<-ut  lilc,  the  teeth  are  shorter  and 
present  mon^  cutting  points  in  a  i^nven  area;  thus  preventing 
excessive  duty  being  imposed  on  a  few  teeth. 

Softer  metals,  such  as  l)rass  an<l  broir/e,  allow  the  use  of 
the  coarser  grades. 

The  particles  of  metal  removed  by  a  fih^  frecpiently  remain  in 
the  teeth  and  diminish  their  cutting  ([ualities.  In  the  case  of  hanl 
metals  these  jjarticles,  or  "  pins,"  often  scratrh  the  work.  It  is 
necessary,  therefore,  that  liles  be   fre(iuently  cleaned.     This  may 
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be  dniic  in  a  measure  by  striking  the  edge  of  the  file  lightly 
against  the  bench  or  vise,  but  it  is  more  effectually  performed  by 
using  a  stifT  brash  or  a  piece  of  card  clothing  (Fig.  53).  In  the 
finest  gmdes  of  files,  a  thin  [nece  of  wood  or  sheet  brass  may  be  ' 
drawn  across  the  surface  of  tlie  lile  as  shown  in  Fig.  5^,  and  the 
tilings  are  removed  by  tlio  points  extending  into  the  file  teeth. 

When  filing  cast  iron,  neitlier 
the  file  nor  tlie  work  should  be 
allowed  to  l>oconie  greasy,  as  tliia 
tends  to  niiike  tlie  file  slide  witli- 
out  cutting.  lu  filing  steel,  how- 
ever, if  tlio  file  1)0  oiled  or  filled 
with  chiilk,  the  pinning  of  tlie  file 
is  prevented  in  a  large  degree, 
and  frequent  use  of  the  ciiixl  or 
brush  is  not  necessary. 

What  is  known  as  drawfiling 
is  done  hy  gr.tsping  the  file  ateach 
end  and  moving  it  sidewise  across 
the  work.  (See  Fig.  S-^,)  The 
amount  of  stock  removed  hy  this 
process  is  usually  very  small,  the 
object  being  to  lay  tlie  file-marks 
panillel  to  the  length  of  tlie  work. 
Sirigle-<;ut  files  are  better  than  doublc-cnt  fur  tliis  pur|X)8e,  Ijeing 
k'Ks  likely  to  scratch  tlie  work.  Tlie  reniiirks  concerning  cleaning, 
oiling,  and  chalking  apply  both  to  cniss-iiliug  and  dniw-filing. 

No  matter  how  carefully  filing  is  done,  it  docs  not  leave  a 
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surface  that  is  pleasing  to  the  eye}  the  file-marks  are  more  or 
less  irregular  and  the  wliolo  sui-fai-e  is  dull.  Exposed  parti  of 
machines  which  are  not  jMiinted  ara  usually  jxjUshcd.     PolishJ'"» 
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does  not  iruprove  the  surface,  but  simply  brightens  it  and  renders 
it  more  attractive.  As  a  rule,  a  polished  surface  is  not  a  true 
surface,  no  care  being  taken  to  maintiiin  its  truth.  In  ordinary 
machine  work  polishing  is  usually  done  by  abrasives,  such  as 
emery,  corundum,  and  carborundum,  wliile  rouge,  crocus,  rotten- 
stone,  and  tripoli  are  used  on  fine  work,  especially  on  brass  and 
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composition.  Emery,  for  example,  is  crushed  and  sorted  into 
grades  varying  from  No.  8  to  flour,  the  nun.ber  of  the  grade 
indicating  the  number  of  meshes  per  inch  in  the  sieve  used  in 
sorting.  These  grades  sometimes  bear  arbitrary  designations. 
No.  1  indicating  a  coarse  grade  and  No.  0,  00,  000,  0000  showing 
the  finer  grades.  These  powders  are  sometimes  mixed  with  oil 
and  applied  directly  to  the  work  by  wooden  blocks  or  clamps  $  but 
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the  more  connn(»n  method  is  to  use  what  is  known  as  emery  cloth, 
the  grains  being  glued  to  a  strong  cloth  backing.  Tlie  finer  grades 
are  used  on  j)aixjr  in  the  same  maiuHM*. 

Emery  cloth  is  used  in  many  ways ;  it  may  he  wrapped 
around  a  file;  folded  or  tacked  to  a  block  of  wood;  glued  to 
wooden  sticks  about  15  inches  x  IV  inches  x  J  inch,  fastened 
around  rollers  for  internal  curves,  or  glued  to  wooden  or  steel 
disks  and  rotated  in  a  lathii  or  sj)ecial  machine.  In  all  cases  the 
object  is  to  grind  down  the  surface,  using  a  snllicient  number  of 
grades  of  cloth  to  produce  the  degree  of  polish  desired.     The 
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marks  are  laid  parallel  to  each  other,  making  what  is  known  as 
a  "  grain."  When  the  process  is  to  l)e  carried  to  such  an  extent 
that  no  grain  is  to  be  visible,  the  finer  polishing  agents  are  used, 


Fig.  65. 

usually  applied  with  a  cloth  wheel  or  "  lap."    Old  cloth  does  finei 
work  than  new,  and  oil  on  the  cloth  will  make  a  finer  cut. 

Scraping.  When  two  flat  or  curved  surfaces  are  to  be 
worked  together,  and  complete  contact  over  tlie  whole  or  both 
is  desired,  they  are  scraped.  Scraping  removes  less  metal  than 
filing,  and  also  enables  the  workman  to  confine  the  removal  to 
limited  areas.  The  scraper  should  be  made  from  a  very  close- 
grained  tool  steel,  and  is  nearly  two  feet  long  exclusive  of  the 
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handle.  The  general  shape  is  shown  in  Fig.  56.  The  cutting 
edge  is  about  ^^  of  an  inch  thick  and  1\  inches  wide.  It  is 
ground  on  an  emery  wheel  and  grindstone,  and  carefully  oilstoned, 
leaving  the  cutting  edge  as  straight  as  possible.  Scrapers  are 
sometimes  made  from  old  files,  the  teeth  being  ground  off  and  the 
end  drawn  out  wide  and  thin.  Sometimes  the  end  is  bent  at  riglit 
angles  to  the  shank,  as  shown  in  Fig.  57.  The  cutting  done  by 
scrapers  should  be  perfectly  smooth  and  free  from  sci*atches. 
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Ill  iiMitifj  tliu  snrfate  pliitt;  as  a  test  for  the  truth  of  a  plaiie, 
i-iicli  an  it  \alve  or  its  slmI,  tlie  plate  is  covered  witli  a  very  thin 
i-oatiii;;  of  red  lead  and  then  rulibed  over  the  valve  or  seat  The 
latt<rr  slir.iild  have  previously  been  finished  as  smoothly  as  [xwsible. 
The  Bpoiw  whei-e  tlie  n-d  k-ad  shows  coiitict  are  scraped  o£f,  and 


OrrnC 


the  prfK'esH  contirmed  until  eonbict  over   the  entire    surface   is 
ohtfiined.     During  tin;  lust  part  of  the  oiwratiim  alcohol  should  be 
used  iostead  of  red  lead,  as  it  leaves  clean  bright  spots  to  indicate 
where    the    scraper   must   be  applied. 
Small  [)ieces  of  work  are  rubljed  over 
the  surface  plate,  and  in  any  case  care 
sliould  lie  taken  to  distribute  the  wear 
uniformly  over  tlie  plate  in  order  to 
j.rohiiig  the  ti-utb  of  Uie  plane.     The 
seriiiMjr  fur  concave  surfaces,  such  as 
Imxes,  is  (jf    the   general   shape  of   a 
half-niuiid  file  without  teeth.     In  such 
cases,  the   shaft  to  Iw  used  takes  the 
^"'^-  ■''"•  jiliicc  (jf  a  surface  i)littc.     The  metIio<I 

of  holding  and  iisiii-,'  sui-li  a  srra|)cr  is  shown  in  Fig.  58. 

Scraping  is  some  limes  done  as  a  matt^^r  of  fuiish,  and  not  (or 
the  luirjHisc  of  getting  an  accunite  surfaee.  Therefore,  a  scraped 
surliifc  lines  lint  alwavs  iodi<-ate  accuracy.  ^lany  macliiiie  parts 
are  more  cheaply  finished  by  scraping  than  by  polishing. 


.'  of  two  g.-nri-;d  I'liisM'fi,  the  flat  and  the  twist  A 
I  r,.min.>n  I^l.(■  is  slinwn  in  Kig  '.!l.  The  angle  lie- 
..  ciUtirig  edges  should  he  ahont  110=.     These  drills 
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are  osually  niEuIe  from  round  tool  steel  drawn  out  wide  and  thin, 
as  shown;  the  undrcsijed  end  being  used  for  holding.  The  flat 
drill  13  usually  miiJe  in  the  shop  ^vhere  it  is  to  be  used.  Its  low 
fiist  cost  is  the  princijiiil  reason  for  its  existence. 

Flat  drills  made  from  thin  flat  stock  are  used  in  connection 
with  n  slotted  rest  to  start  and  drill  holes  in  the  lathe  \vithout 


Fig.  69. 


previous  centering.     They  are  called  chuck-drills.     The  end  of 

the  shank  of  the  drill  is  provided  with  a  center  hole  to  receive  the 
dead  center  of   the  machine. 


The  drill  and  rest  are  shown 
in  Fig.  60. 

The  simplest  fonn  of 
twist  drill  is  cylindrical 
throughout  its  entire  lengtli. 

as  shown  in  Fig,  61,  and  has  ..:jr:^. — , 

two  spiral    flutes   which    at  ■        ■[" '.\ 

the  end    serve    to   form    the 

cutting  lips,  and  which  also 

serve  to  carry  the  chips  from   the  hole.      The  incbided  iiTiffle  of 

the  lips  is  118^     This  fonn  of  drill  will  work   more  accurately 

than   the  flat  drill,  as  the  cylindrical  portion  serves  as  a  guidi' 

to  keep  the  cutting  lips  in  their  jiroper  position.     Tlie  I'dgo  beiiij^ 

somewhat    hooking,    removes    the   metal    by   a   cutting    instead 
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of  a  scraping  action  as  in  tlie  flat  diill.  Tliis  form  of  drill  cannot 
only  be  fed  faster,  but  can  be  f orc'ed  into  the  work  with  less  power, 
as  it  has  a  tendency,  especially  noticeable  in  soft  metals,  to  feed 
itself  into  the  work.     Straight  shank  twist  drills  ai'e  made  from 
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.0135  inch  to  2}  inches  in  diameter;  the  smaller  sizes  are  sold  in 
sets  designated  by  numbers  (1  to  80),  letters  (A  to  Z)  or 
fractional  sizes  (J  inch  to  -^^  inch). 

The  taper-shank  tivlst  drill  is  shown  in  Fig.  62.  It  consists 
of  a  body  A,  which  is  fluted  and  does  the  actual  work,  and  a  taper 
shank  B,  by  wliich  it  is  held.  This  taper  fits  accurately  into  the 
spindle  or  chuck  of  the  drill  press.  At  the  end  there  is  a  tongue 
C,  which  slijjs  into  the  key  way  in  the  spindle  or  chuck.     As  this 
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surface  is  flat,  it  serves  as  a  l)earing  by  which  the  drill  is  driven. 
This  relieves  the  tapered  poition  from  the  stress  of  driving  by 
frictional  resistance  alone.  For  small  drills  this  fricti(mal  resist- 
ance is  surticient,  but  for  larger  sizes  it  will  not  do  at  all.  If  for 
any  reason  the  tongue  should  become  broken,  no  dependence 
should  be  plated  upon  tlu^  fri(;tional  resistance  of  the  taper  shank 
to  drive  the  drill.  The  drill  will  slip  and  wear  the  socket,  which 
will  l)ecome  enlarged  and  make  a  misfit  for  other  drills. 

The  standard  taj>er  for  d:  '11  shanks  may  be  considered  to  be 
what  is  known  as  the  Morse.  This  taper  is  -^  inch  to  the  foot. 
There  is  another  known  as  the  Brown  &  SharjK)  or  Jarno  which 
has  a  tajKT  of  ^o  ^^^^'^  ^o  the  foot.  No  attemj)t  should  be  made  to 
run  the  drills  of  one  Ui\)i'v  in  the  sockets  of  the  other. 

A  flat  taper  Key,  introducecl  into  the  key  way,  engages  the 
end  of  the  tongue  and  selves  to  remove  the  drill  from  the  spindle. 
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Drills  of  cylindrical  form  are  also  made  with  straight  flutes 
as  shown  in  Fig.  63.  They  are  used  for  drilling  soft  metals,  such 
as  brass,  especially  when  the  drill  jmsses  entirely  through  the 
piece.  As  it  breaks  through  the  metal,  a  drill  with  spiral  flutes 
tends  to  draw  itself  through  rapidly,  as  if  it  were  a  screw  work- 

Fig.  03. 

ing  in  a  nut.  This  may  break  the  drill  or  move  the  work  from 
position.  Straight  flutes  give  the  same  cutting  action  as  a  flat 
drill  and  avoid  this  tendency  to  draw. 

Lubrication  of  Drills.  When  drilling  tough  metals  such  as 
steel,  wrought  and  malleable  iron,  heat  is  generated  by  the  bending 
or  changing  of  the  form  of  the  metal  being  removed  and  by  friction 
caused  by  the  chips  moving  over  the  lips  of  the  drill.  The  heat- 
ing is  similar  to  the  heating  of  a  piece  of  wire  bent  quickly  back 
and  forth.  As  there  is  danger  of  heating  the  drill  to  a  tempera- 
ture that  will  draw  the  temper  and  soften  the  drill,  plenty  of  lard 
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oil,  or  a  mixture  of  potash  and  water,  should  l>e  used.  This  is 
not  so  much  for  lubrication  as  to  remove  the  heat. 

Copper  is  the  most  difficult  to  diill  of  all  the  common  metals 
on  account  of  its  extreme  toughness ;  then,  too,  copper  heats  to  a 
higher  temperature  on  account  of  its  low  sj)ecific  heat.  Brass 
does  not  require  the  use  of  oil,  and  cast  iron  must  always  be 
drilled  dry.  Particular  attention  is  called  to  this  precaution  re- 
garding cast  iron. 

As  the  heat  is  produced  at  the  point  of  the  drill,  it  is  desira- 
ble, particularly  in  the  case  of  deep  holes,  that  the  oil  be  applied 
directly  at  the  drill  point.  For  this  purpose,  oil-tube  drills,  such 
as  is  shown  in  Fig.  64,  are  used. 

The  oil  is  supplied  under  pressure,  and  not  only  removes  the 
heat,  but  also  carries  away  the  chips. 
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Speed  of  Drills.  The  speed  at  which  drills  bIiouM  be  rotated 
depends  on  tlie  diameU'r  <if  the  diill  and  the  material  operated 
upon.  Ko  absolute  rule  can  l>e  given  for  any  one  metal  or  diam- 
eter of  drill,  because  of  the  variation  in  hardness  and  tenacity  of 
the  material  and  the  condition  of  the  cutting  edge  of  the  drill. 
The  following  tiihle  of  revolutions  per  minute,  given  by  the 
Cleveland  Twist  Drill  Co.,  is  based  on  a  peripheral  speed  of  30 
feet  a  minuto  for  mild  steel,  35  feet  per  minute  for  iron,  and  60 
feet  ^)er  minute  for  brass. 


i 


Fig   i!5. 
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than  the  dull 


Kg.  66. 
)  depends  on  the  drill  diameter  and  tbe 

'iIloiihI  uitlioLity  gives,  as  a  maximum, 
J  \^>  i(\olutioiis. 

K  it  I  (11,  slioiild  lie  exei-cised  in  thegrind- 
i  dull  shoidd  btxymmetriCHl;  thatis.the 
II  Uii^th  iiid  lorni  the  same  angle  with 
oi  lint. in  d  kngth,  the  liole  will  be  larger 
11  m   1  14   (>'>      The  point  is  not  jn  the 


...At,,  mi  the  holu  will  nut  onlj  be  hige  hut  also  will  not  be 
IKimlkl  to  Ihe  dull  spmdh  If  the  lips  do  not  form  equal  angles 
with  thi  IMS,  ill  lla  (iitungwill  ihvolvo  upon  the  one  making 
the  gn  ittr  uifk  s  shiiHii  in  tig  Ub  '^iich  a  drill  will  not  cut 
as  f  1st  as  and  \\  ill  !>- 1  onie  dull  sooner  tlian^  one  '.vUich  is  properly 
ground 
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Hand-grinding,  especially  of  twist  drills,  is  neither  accurate 
nor  satisfactory ;  it  is  much  better  to  do  such  work  on  a  regular 
drill  grinder  built  especially  for  tlie  purpose. 


SPEED  OP  DRILLS. 


DlAMKTKR 

OF  Drill. 

Speed  for  Soft 

Steel  or  Wrought 

Iron. 

Speed  for  Cast 
Iron. 

Speed  for  Brass. 

1 

1824 

2128 

3648 

i 

912 

1064 

1824 

A 

(508 

710 

1216 

i 

456 

532 

912 

A 

365 

425 

730 

■i 

304 

355 

608 

tV 

260 

304 

520 

h 

228 

266 

456 

^% 

203 

236 

405 

i 

182 

213 

365 

u 

166 

194 

332 

3 
'4 

152 

177 

304 

48 

140 

164 

280 

i 

130 

152 

.      260 

U 

122 

142 

243 

1 

114 

133 

228 

h\i 

108 

125 

215 

14 

102 

118 

203 

h\ 

96 

112 

192 

li 

91 

106 

182 

lA 

87 

101 

174 

n 

83 

97 

165 

liV 

80 

93 

159 

1  + 

76 

89 

152 

lA 

73 

85 

145 

If 

70 

82 

140 

lU 

68 

79 

135 

13 

Go 

76 

130 

Mi} 

63 

73 

125 

i| 

60 

71 

100 

lU 

59 

69 

118 

^ 

57 

67 

114 

While  grinding,  care  must  always  Ixj  exercised  that  the  cut^ 
ting  edge  is  not  overheated  on  the  stone  or  emery  wheel.  If  it  is 
overheated,  the  temper  will  be  drawn  and  the  drill  become  too 
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In  reaming  cored  holes,  the  cylindrical  chuck  reamer,  some- 
times called  the  roughing  reamer,  is  often  used.  It  is  made  either 
rose.  Fig.  70,  fluted,  or  with  three  spiral  flutes.  Fig.  71,  and  gene- 
rally have  solid  shanks.  The  last-named  style  will  finish  very 
smooth  and  close  to  size  when  started  true  by  preliminary  boring. 

A  solid  reamer  cannot  be  sharpened  without  reducing  its  di- 
ameter; therefore,  it  must  be  used  carefully  in  order  to  prolong 


w 


k 


•> 


[ 


Fig.  72. 


its  life.  Reamers  with  adjustable  blades  meet  this  objection,  but 
cost  much  more  than  the  solid  form.  An  exjmnding  reamer,  Fig. 
72,  can  be  slightly  enlarged  to  compensate  for  grinding,  and  is  t^»en 
used  as  a  solid  reamer.  Fig.  73  shows  an  adjustable  reamer  with 
inserted  teeth. 

Reamers  are  made  for  tapered  as  well  as  for  stmight  holes. 
The  angle  varies  witli  the  intended  use  of  the  tiqxjr ;  for  examplOf 


Fig.  78. 

the  locomotive  taper  of  -^^  incli  per  foot  is  intended  for  boll  hole' 
where  plates  are  to  be  drawn  solidly  together  and  tlu*  holes  com* 
pletely  filled.  It  is  very  difficult  to  remove  a  bolt  from  a  hole 
with  such  a  slight  taper.     When  pieces  are  pinned  togetlier,  such 
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as  a  hab  to  a  shaft,  it  is  intended  that  they  can  be  separated  when 
desireil,  so  the  taper  is  made  steeper,  generally  |  inch  per  foot.  This 
has  come  to  be  known  as  the  j)iti  tapei\  Taper  holes  for  holding 
lathe  centers  and  taper  shank  twist  drills  are  generally  made  |  inch 


Q 


Fig.  74. 

per  foot  {th^e  Morse  taper) .  This  angle  holds  the  tool  firmly,  and 
still  it  can  be  easily  removed.  The  three  tapers  mentioned  are 
recognized  as  standard,  and  reamers  for  them  are  carried  in  stock. 
Of  course  many  other  tapers  are  used  by  different  manufacturers, 
but  they  are  regarded  as  special.     Fig  74  shows  taper  reamers. 

Taper  reamers  differ  from  hand  reamers  only  in  the  angle  and 
by  not  requiring  the  tapered  entering  end. 

Holes  to  be  reamed  by  taper  reamers  must  be  slightly  larger 
than  the  small  end  of  the 
reamer;  and,  if  the  hole  is 
deep,  it  is  usual  to  make  a 
stepped  hole,  shown  exagger- 
ated in  Fig.  75,  by  using  drills 
of  different  diameters. 

When  not  carefully 
sharpened,  all  forms  of  ream- 
ers have  a  tendency  to  chatter 


Fig.  75. 


and  produce  rough  surfaces.  To  avoid  this,  the  flutes  are  fre- 
quently irregularly  spaced;  another  method  is  to  use  spiral 
flutes,  usually  left  band. 


TAPS. 


When  internal  thread  cutting  is  done,  the  tool  is  called  a  tap. 
There  are  many  styles  of  taps;  the  names  in  some  cases  are  sug- 
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gested  from  the  sliape,  but  more  often  from  the  use.  In  most 
nuichine  shops  are  found  the  following  forms:  hand,  machine 
screw,  pipe,  pulley,  stay-bolt,  boiler,  and  tapper;  of  these  the  hand 
and  machine  screw  are  the  most  common.  The  object  of  all  is  to 
make  spiral  grooves,  called  threads,  in  holes,  so  that  they  may 
receive  and  hold  screws,  bolts,  studs,  etc. 

As  the  size  of  a  tap  is  the  diameter  outside  the  threads,  it  is 
evident  that  the  hole  drilled  for  tapping  must  be  smaller  than  the 


Q 


Fig.  76. 

tap  by  nearly,  if  not  quite,  twice  the  depth  of  the  thread.  The 
shape  of  the  thread  partly  detorniines  the  amount  to  be  subtracted 
from  a  tap  diameter.  There  are  now  recognized  as  standard, 
live  different  threads,  viz.:  sliarpor  V,  Franklin  Institute  or  United 
States  standard,  Whitworth,  International  or  metric,  and  the  29^ 
or  Acme.  These  shapes  will  be  described  and  compared  under 
Screw  Cutting.  The  following  table  shows  the  diameters  of  the 
holes  that  are  to  be  drilled  for  cutting  the  various  sizes  of  the 
threads  according  to  the  United  States  standard  and  the  ordinary 
V- thread. 
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Hand  taps  are  moat  commonly  used  in  shop  practice,  and  a 
description  of  the  operation  mil  answer  for  all  styles.  They  are 
usually  Bold  in  sets  of  three, — taper,  plug,  and  bottoming.  See 
Fig.  76. 

The  cutting  of  a  thread  with  a  tap  is  not  difGcult,  but  requires 
care  in  the  manipulation.  The  tap  does  not  need  to  be  forced 
into  the  work,  since  the  thread  will  draw  it  forward.     The  taper- 

TABLE  OP  TAPS  AND  CORRBSPONDINQ  DRILLS. 
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A 
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3A 
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■lA 

1 
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2i 
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5i 

U 
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U 
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ing  of  the  tap  has  a  two-fold  effect  No  one  thread  must  do  all 
of  the  work  in  the  removal  of  the  metal ;  each  succeeding  tliread 
removes  a  small  amount  until  the  full  thread  has  entered  the  hole. 
The  second  effect  is  that,  as  in  the  cases  of  a  reamer,  tlie  tap  is 
easily  entered  and  started.  Care  nuiHt  always  be  exercised  at  tliis 
jiuiiit  uf  tlie  work.  The  taper  of  the  tap  allows  it  to  easily  enter 
the  liulc,  and  also  tiiaktts  it  pustiiblu  fur  il  tu  tJiiCer  ml  iui  uogU;.     If 
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it  is  started  in  the  latter  condition,  ihe  thread  will  not  be  at  right 
angles  to  the  surface.  The  degree  of  care  needed  in  the  starting 
of  the  tap  depends  upon  the  job  tJmt  is  to  be  done.  In  the  case 
of  tapping  a  nut,  it  will  usually  lie  quite  suflicieiit  to  set  the  tap 
by  the  eye.  In  finer  classes  of  work,  however,  the  tap  should 
be  set  witii  a  square.  Start  the  tap  into  the  hole,  and  phice 
a  square  on  the  surface  beside  it  in  two  positions  at  right  angles 
to  each  other,  and  see  that  the  tap  stands  parallel  to  tlie  vertical 
blade. 

When  holes  have  been  diilied  that  are  to  be  tapped,  a  good 
way  of  setting  the  tap  is  to  put  a  center  in  the  drill  apiudle.  Put 
the  tap  into  the  liole,  and  bring  tliis 
center  down  into  the  center  hole  in  the 
head  of  the  tap ;  this  will  8t«ady  the 
latter  while  it  is  being  started. 

In  using  the  tap,  it  is  well  to  work 
it  back  and  forth.  This  allows  the 
chips  to  work  clear  of  tlie  cutting  edges, 
and  the  oil  to  cover  them.  In  case  of 
heavy  work,  \b  is  tiossible  to  drive  the 
tap  with  the  drill  .pindle,  but  when 
tlius  diiving  a  tap  m  a  machine,  the 
backing  np  is  impossible. 

Sometimes  a  thread  is  to  be  cut  down  to  the  bottom  of  a 
hole  that  dites  not  pass  entirely  through  tlie  metal,  in  tliis  case 
the  bottoming  tap  is  used.  This  is  a  tap  that  is  nut  tapered  at 
ttie  entering  end.  The  method  of  working  is  to  fii-st  cut  the 
tliread  as  far  as  possible  with  the  jjlug  tap,  and  then  nse  the  bot- 
toming tap,  which  will  tiien  enter  easily  and  can  l>e  driven  to  the 
bottom. 

Machine  tapping  is  best  done  by  using  a  fiictional  ta^ 
holder;  that  is,  one  In  which  the  fi-iction  is  enough  t*>  cut  the 
tlireads,  but  which  will  slip  when  the  Uip  strikes  the  bottom  of 
the  bole.  This  will  insure  the  hole  being  fapi)t.'d  b»  the  bot- 
tom, and  avoid  all  danger  of  bnMking  tlie  tip.  To  withdraw  the 
l:uK  thn  madiiii,'   is  r.-v.-rscd.  usiially  hL  ^i  IiI^L.t  si.,-,.!   than  us.-d 
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oil    should    be  used.       On  brass  the  use  of  oil   is  unnecessary, 
while  cast  iron  should  always  be  tapped  dry. 


DIES. 

Dies  are  used  for  cutting  threads  on  bolts  and  other  similar 
parts  to  be  placed  in  holes  which  have  been  threaded  by  taps. 


/-\ 
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Fig.  78, 

The  general  rules  given  for  tlie  use  of  ttips  apply  to  dies.  As  the 
number  of  threads  in  a  die  is  much  less  than  on  a  tiip,  and  be- 
cause the  chips  have  a  much  freer  exit,  it  is  not  as  necessary  to 
back  up  a  die  as  it  is  a  tap. 

Dies  for  small  work  are 
usually  made  solid,  as  shown 
in  Fig.  77,  and  often  have  a 
slight  adjustment  for  altering 
the  size.  They  cannot  be 
8har{)ened,  but  have  an  ad- 
vantage in  readily  centering 
on  the  work.  As  the  full 
thread  is  cut  at  one  passage 
of  the  die,  it  takes  consider-  Pi^r.  79, 

able  power  to   oj)enite   solid 

dies  of  large  size.  For  this  reason,  hand-operated  solid  dies  ai'e 
tjeldom  used  above  one-half  inch.     The  holder  or  die  sto(;k  shown 
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ill  Fig.  78  has  a  guide  to  hold   the  work  at  right  Hiiglcs  to  tJie 
die,  Itut  die  stocks  are  often  niiide  witliout  this  convenience. 

The  split  form  of  die,  generally  known  as  tlie  jamb-die 
(shown  in  Fig.  79  ),  can  be  easily  sharpened,  h;is  unlimited  ad- 
justment for  size,  and  cuts  the  tlireiu)  liy  easy  stages,  as  it  were. 


It  is  made  in  sizfs  up  ti>  two  inches,  anil  is  for  liiind  operation 
only.  The  holder  fur  this  fi.rm  of  dii-  is  cidK-il  a  snvw  plate. 
Fig.  KO.      Tlu'se  an-  n-.L  liiniislied  «ilh  ^'uidvs  for  iW  w..rk. 

Cutting  Pipe  Threads.      .Aiiuihi'r  (-iiiiiiiio]i   foiiii   of  thread 
cutting  in  tJiiit  on  wronglit-iruii  piiie.     The  pipe  tlm'ad  is  rounded 
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filightly  at  top  and  bottom,  and  is  made  tapering  at  the  rate  of 
three-quarters  of  an  inch  per  foot  The  dies  are  usually  solid, 
square   in  form,  and  the   die  stocks  are  provided  with  a  ring. 


Fig.  SO. 

which  fits  over  the  pipe  and  serves  to  hold  it  square  with  the  die. 
This  avoids  the  dajiger  of  cutting  the  thread  at  an  angle  with 
the  pipe  axis. 


Fig.  82. 


Comparatively  little  thread  cutting  is  done  by  liand.  A  large 
proportion  of  all  such  work  is  performed  on  bolt-cutters.  Tliis 
is  ordinarily  the  roughest  and  cheapest  class  of  work,  and  tlu^  run- 
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niiig  of  the  bolt-cutter  is   usually  the   first   work  to   which    the 
apprentice  is  assigned. 

Bolt-Cutter.  An  ordinary  type  of  bolt-cutter  is  shown  in 
Fig.  81.  The  dies  are  held  in  the  head  A.  Instead  of  being 
solid,  as  in  Fig.  77,  they  are  made  in  sections,  and  can  be  opened 
or  closed  by  the  movement  of  the  lever  B.  A  chuck,  C,  is  placed 
on  a  traveling  head,  and  this  can  be  moved  back  and  forth  by  the 
hand- wheel  D.  The  method  of  working  is  very  simple.  The 
dies  in  the  head  are  closed  in  order  to  be  in  the  working  position. 
The  bolt  to  be  cut  is  gripped  in  the  chuck  by  turning  the  handle 
E,  and  forced  against  the  dies  by  the  handle  D.  As  soon  as  the 
dies  have  taken  hold,  they  draw  the  bolt  ahead.  When  a  suffi- 
cient length  of  thread  has  been  cut,  the  dies  are  opened  and  the 
bolt  withdrawn.  This  avoids  the  necessity  of  backing  out,  as 
would  be  required  if  the  dies  were  solid.  While  the  thread  is 
being  cut,  the  dies  are  kept  flooded  with  oil. 

Templets.  Where  the  same  piece  of  work  is  to  be  many 
times  repeated,  templets  are  used.  This  method  avoids  the 
necessity  of  making  measurements  in  the  laying  out  of  the  work. 

The  iiiark'nuj  tempUt  consists  of  a  piece  of  the  same  shape  as 
the  finished  article,  it  is  usually  laid  on  a  flat  surface,  and  lield 
fast  by  iron  clamps  as  shown  in  Fig.  82.  The  outline  is  then 
marked  on  the  surface  with  a  scriber,  and  sometimes  emphasized 
by  prick  punch  marks. 

Hhejiliiuj  ti  iuph't  is  of  the  same  chanicter  as  the  one  just  de- 
scribed, but  it  is  hardened.  It  is  clamped  in  the  vise  with  the 
piece  to  be  shaped,  and  the  surface  filed  down  to  coincide  with 
the  form  of  the  templet. 

Where  holes  are  to  be  drilled  in  duplicate,  a  templet  known 
as  a //f/  is  used.  These  jigs  are  made  so  that  they  fit  over  the  piece 
to  be  drilled,  and,  when  clamped  in  position,  indicate  the  location 
of  the  holes  by  means  of  hardened  steel  bushinirs  set  in  the 
templet. 

The  making  of  templets  and  jigs  is  one  of  the  finest  branches 
of  the  machinist's  work,  and  is  generally  classed  under  the  head 
of  tool  making.  Tht*  rapid  ancl  t'cononiical  production  of  machine 
parts  in  (juantity  depends  largely  on  the  tool  maker,  who  must, 
therefore,  be  considtM'ed  tht»  higlR*st  type  of  machinist. 
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THE  LATHE.' 

The  lathe  is  one  of  the  most  ancient  of  tools,  and  is  a  develop- 
ment of  tlie  potter's  wheel.  The  spindle  is  liorizont»I  and  the 
work  is   revolved  while   the   cutting   tool  is  stationaiy.     In  its 


Hg.  83. 


various  fonns  and  sizes  it  is  by  far  the  ifost  important  tool  in  the 
machine  shop.  It  is  built  in  a  wide  ningc  of  s'y/.ea  from  the  doU- 
cate  instroment  suitable  for  tlie  work  of  tliu  jeweler  Uy  the  gmat 
macbioe  capable  of  turning  engine  shafts  for  the  lai^est  ocean 
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steamships  or  the  liiigs  for  the  heavy  oixliiance  of  battleships  and 
fortifications. 

5peed  Lathe.  The  small  lathe  used  in  the  machine  shop  for 
the  operations  of  hand  turning,  filing,  and  polisliing  is  called  the 
hand  or  speed  lathe,  Fig.  83.  This  type  Iriven  by  foot  power  is 
in  great  favor  with  amateur  workmen.  While  hand  turning  is 
avoided  as  much  as  possible,  it  cannot  be  wholly  eliminated,  and  a 
brief  description  of  the  tools  used  and  the  operations  performed 
seems  necessary. 


Planisher. 


^ 


^ 


Graver. 


Uouud  Nose. 
Ficr.  84. 


The  tools  used  on  brass  and  composition  cut  by  a  scraping 
action,  and  are  almost  always  held  at  or  below  the  center.  The 
three  tools  shown  in  Fig.  84  called  the  planisher,  graver,  and 
round  nose,  are  typical  of  all  the  tools  necessary  for  turning  brass. 
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etc.  The  manner  of  holding  these  tools  in  connection  with  the 
T-rest  is  illustnited  hy  the  planisher  in  Fig.  85.  Fig.  86  shows 
another  view  of  the  T-rest  Typical  hand  Uh)Is  for  cutting  iron 
and  steel  ai-e  the  diamond  point  or  graver  and  the  round  nose, 


Fig.  85. 


Fig.  86. 


shown  in  Fig.  87.  They  are  used  differently  from  hand  tools  for 
brass,  in  that  the  cutting  edge  is  carried  above  the  center,  and 
the  metal  is  removed  by  cutting  instead  of  scraping.     The  graver 


<2 


q: 


Fig.  87. 


frequently  takes  the  place  of  the  plan-sher,  for  it  can  be  used 
as  shown  in  Fig.  88,  either  on  the  outside  or  on  the  end  of  a  piece 
of  work.  The  round  nose  is  used  solely  for  concave  surfaces, 
being  held  as  high  on  ^^'^  work  as  proper  cutting  will  allow ;  Vig. 
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89.  The  graver  can  l)e  used  on  brass  for  a  great  variety  of  oj^ra- 
tions;  but  its  use,  except  in  the  hands  of  an  expert  workman,  is 
attended  with  danger  of  catching  in  the  soft  metal  and  thus 
breaking  the  tool  or  spoiling  the  work. 


Fig.  88. 


To  make  the  hand  Lithe  more  rapid  and  certain  in  operation, 
it  is  freciueiitly  provided  witk^i  tool  hokler,  called  the  slide  rest, 
Fig.  90.  This  holds  the  tool  rigidly  and  guides  it  meehaniciUly, 
so  that  the  work  is  done  more  rapidly  tlian  with  hand  tools. 
Slide  i-est  tools  are  miniatures  of  those  used  on  larger  lathes, 
hence  a  description  will  not  bo  given  at  this  point. 

Eng^ine  Lathe.  When  the  slide  rest  is  permanently  attached 
to,  and  movable  along,  the  bed  of  the  latlie,  and  motion  is  auto- 
matically imparted  to  the 
tool,  we  have  what  is  termed 
the  engine  lathe.  This  is 
one  of  the  most  common,  as 
well  as  one  of  the  most  im- 
portant machine  tools,  and 
one  wliic^h  can  l>e  made  to 
serve  for  a  wide  variety  of 
(>lxM'ations.  For  these  rea- 
sons, it  is  entitled  to  a  more 
extended  descrii)tion  than 
that  acconled  to  less  typical  forms. 

An  (ndinary  t'onn  of  screw  entting  engine  lathe  is  shown  in 
Fig.  91,  which  is  a  representation  of  one  of  usual  dimensions.  It 
has  a  strong  cast-iron  bed  A,  carried  on  four  well  bmced  legs,  that 
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may  i)e  bolted  to  the  floor,  though  the  weight  of  the  machine  may 
\yd  suHicieiit  to  hold  it  in  i)ositioii.  On  the  left-hand  end  of  the 
bed  there  is  fastened  the  liead  stock  B,  which  carries  the  main 
running  gear  of  the  machine.  At  each  end  of  the  head  stock 
tliere  is  a  l^earing  for  the  spindle.  Running  loosely  on  the  spin- 
dle and  between  the  bearing  is  the  cone  pulley  C  to  which  the 
pinion  D  is  attached. 

The  back  gear  is  designed  to  reduce  the  speed  of  the  spindle 
without  changin^j  the  belt  speed.     The  mechanism  of  the  back 


Fig.  90. 

gear  is  more  clearly  shown  in  Fig.  92.  Tlie  large  gear  E  tdoue 
shows  in  Fig.  91.  It  is  driven  by  the  pinion  1)  whith  is  attuched 
to  the  cone.  The  pinion  on  the  same  sleeve  as  the  gear  E  (lriv(\s 
the  gear  at  the  right  of  the  cone.  U1iis  gear  is  keye<l  to  th(i 
spindle.  When  the  back  gear  is  not  in  use  it  is  thrown  out  of 
mesh  with  the  geai*s  on  the  pulley  ami  spindle,  by  means  of  the 
shaft  having  eccentric  bearings  upon  which  it  turns  ;  at  the  same 
time  the  cone  pulley  is  fastene<l  to  the  gear  at  its  right.  Tlie 
spuidle  then  turns  with  the  cone  pulley.  When  the  back  gt^ar  is 
in  use  the  spindle  runs  more  slowly,  with  the  belt  on  the  same 
step  of  the  cone,  than  it  does  when  driven  direct. 

The  spindle  projects  through  the  bearings  at  each  end.      At 
the  light  it  is  usually  tlireaded  lo  receive  a  face  plate  F.     It  is 
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alsii  bore<l  out  and  lapered  at  tlio  end  fi)r  a  center  G.  This  cen- 
ter is  called  the  Ure  center  Ijecause  it  turns  with  tlie  spindltj.  Tlie 
iltail  center  II  is  in  the  tiiilstixik,  and  hence  does  not  turn.  At 
the  left  llie  spindle  projects  beyond  tlie  bearings,  and  carries  a 
small  cone  pulley  I  and  a  pinion  J.  The  cone  pulley  serves  as 
tiie  driving  pulley  for  a  nari-ow  belt  running  to  the  corresponding 
pulley  K  on  the  feed  rinl  N. 
The  pinion  serves  to  dri' 
thrcingh  tlie  intennediate  gear 
M,  tlie  lead-screw  O. 

The  work  is  held  on  tlie  f 
centers  (i  and  II,  the  distance 
between  whicii  is  adjusted  bv 
moving  the  t;ulstock  S  (sonie- 
tinies  called  the  tJiilblock).  The 
latter  is  lield  to  the  bed  by  a 
clanip  and  bolts  tightened  by 
the  nuts  T,  To  move  the  tail- 
stock,  these  nuts  are  slackened 
and  the  stock  moved  to  the 
proper  position.  The  final  ad- 
justment is  made  by  turning  the 
baud  wheel  Q,  which  rotates  a 
screw  in  the  case  P,  which 
works  in  a  nut  in  the  spindle 
of  the  dead  center  H  which  is 
thus  moved  in  and  out  When 
the  centers  have  been  properly  adjusted  and  the  work  is  in  posi- 
tion, the  dead  center  is  clamped  by  tlie  handle  R. 

When  work  is  to  bo  turned,  the  too!  is  properly  adjusted,  and 
the  carriage  U  moved  along  the  bed.  This  movement  is  accom- 
plished by  means  of  gearing,  which  is  placed  behind  the  apron  of 
tlie  carriage,  and  driven  by  the  shaft  upon  which  the  cone  pulley 
K  is  keyed.  The  driving  gear  meshes  with  a  rack  Iwnealh  the 
upi>er  ledge  of  the  bed.  Coimectiou  between  the  gearing  and  the 
shaft  is  made  by  a  friction  clutch.  The  carriage  may  also  lie 
moved  by  hand,  by  turning  the  hand  wheel  V,  to  which  tiiei*  is 
keyed  a  piniou  directly  meshing  in  the  rack. 


Fig.  1>2. 


MACHINE   SHOP  WORK. 


The  tool  is  feil  Ui  Uie  work  ami  witlidniwn  fnmi  it  by  turning 
the  cross  fee*!  Ii:iii<lle  W.  Tlii.s  drives,  by  means  of  the  st-niwaml 
nut,  the  cross  shde  \.  This  arrangement  [*eruiitfi  uny  desired 
transverse  or  lungitiidiual  position  of  the  to<d.  The  motion  of  the 
carriage  is  usually  fn>ni  right  to  left  when  at  work.  Wlien  screws 
are  to  l>e  cut,  a  different  f^-ed  is  nseil.  In  ordinary  turning  tliere 
will  l»e  a  variation  in  the  relations  l)etween  the  rotation  of  the 
work  and  the  longitudinal  nn-iion  of  the  tool  due  to  the  slipping 
of  the  l>elt  eonnectini;  the  cone  jadleys  I  and  K,  or  to  the  slipping 
of  the  friction  clutch  eonnet-ting  the  shaft  K  U>  the  driving  gear. 
To  cat  a  screw  thread  it  is 
]  I  neceiisary  that  there  shall 
no  relative  change 
in  tht-  ro[:ition  of  the  work 
and  the  longitudinal  mo- 
tion of  the  tool.  In  other 
wonls,  the  tool  must  travel 
a  given  distjniee  for  every 
revolution  of  the  work. 
To  accomplish  this,  the  car- 
riage is  <lri\en  hy  the  lead- 
si-n-w  ()  working  in  a  nut 
set  in  the  carriage.  The 
siTrw  is,  in  turn,  driven 
l)V  the  train  of  gears  J,  M, 
the  spindle.  The  inteniie- 
Tlie  gi'ar  l>  is  keyed  to  the 
is  nii'tion  to  tlnr  lcad-.scitw  ()  hy 
th.'  si/,-s  of  the  ff-.u^  used  on  the 
itfil  thrt-ad  may  Ik-  cut.  The  size 
1  uci  I'lVt-cl  on  the  thivad  l>eiiig  ent. 
two  gears,  and  ciiti   lie  adjusted  t-> 


.iiid    L.      The    gear  J 

diate  gear  M  nnis  loose  on  i 

feed  r-Kl  N.  wliich  tninsmits 

gi'ars  Y  and  '/..      liy  cliaiiglii 

H|,iri<]l.-  and  the  scn^v,  any  . 

of  the   intenm-dii,teg.';ir  M  I 

His  used  t>'  cornicct  tlie  nil 

any  ilesired  i->siti<Jir  for  that  ].iir|«is('. 

In  Ihis  coniilry  the  siZK  of  A  i.athk  i 
lai'gcst  .ii-iMrl.T  it  will  swing  over  the  guide. 
of  the  iM'd.  'nil!  lathe  illnstraled  is  kii..« 
Kngland   the  dislancc   from  the  guides  to  the 


designated  hy  tlie 
and  hy  the  length 
.  us  :»-i"x8'.  In 
■enter  i.s  tlie  unit  of 


aize,  and,  in  a  few  cases,  the  greatest  ilistaru'C  iKaweeii  centers  is 
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considered  to  be  the  leiigtJh  of  tiie  lathe.  Thus  a  15-inch  lathe  in 
Kugl.ind  would  be  a  30-incL  lathe  in  the  United  States. 

The  atttichments  usually  furnished  witiiout  extra  charge  are 
a  laige  face  plate  of  the  full  swing  of  the  lathe,  a  steady  rest,  and 
a  folkiwcr  rest 

The  small  face  jtlate  is  u«e(I  only  for  driving  the  work  indi- 
rectly through  suitable  attachments.     The  large  face  plate  shown 


in  Figs,  91  and  93  is  used  jts  n  dii-cct  snpport  for  the  work,  the 
T-slots  and  other  oixjnings  funiishing  opportunities  for  boltiny 
and  clamping  the  work  firmly  to  tlif  face  plate. 

The  Steady  Rest.  When  work  is  Ixiing  done  on  tlie  end  of 
a  shaft  so  that  the  tailstock  cannot  be  n«ed,  it  is  necessary'  to  sui>- 
I>ort.  ttie  sbiift  in  some  otlier  way.  It  is  done  by  means  of  the 
steady  rest  shown  in  Fig.  94.  This  rest  consists  of  a  frame  hinged 
at  A,  and  fitted  with  three  movable  jaws,  B  IJ  B.     The  rest  is 
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cliini|)C(l  to  tliu  lathe  l>eil  in  the  juojKir  phicc.  The  jiiws  11  B  B 
are  then  Jicljiisted  to  forni  ii  beiiiiiig  for  the  work,  care  l>eing  taken 
that  tlie  axis  of  the  work  is  iMintHei  to  the  ways,  or  sliears.  Unless 
it  is  parallel,  the  work  will  not  be  turncil  tnie;  that  is,  the  end 


will  not  l>G  square,  but  will  !«  hollowed  or  conical,  as  shown  somd- 
whiit  exiiggeniteil  in  tlie  aci;oni[mtiying  diafrniiii  (Fig.  !>5).  The 
steady  ixist  is  also  used  l  ii  support  Imig  shafts  that  are  Ixting  turned ; 
it  preveiita  such  work  from  sagging  at  the  center  and  tints  being 
turned  out  of  true. 

After  adjusting 
the  steady  rest  to  size, 
it  can  l)e  moved  along 
the  lied  of  the  latlie 
without  changing  tlio 
R'lation  to  tlie  lathe 
axis ;  but  care  must  l>e 
t;iken  not  to  reverse  tlie 
steady  rest  in  tlie  latlie, 
as,  in  most  cases,  such 
aetion  would  necessi- 
tiite  11  readjustment. 
The  names,  Iwick  i-cst  and  center  rest,  ai-e  synonymous  with 
steady  rest,  tlie  use  of  the  devii'c  often  determining  tlie  name. 

The  fi)llowcr  rest  serves  some  of  tlie  purimses  of  the  steady 
rest,  but  is  fastcncil  t^i  the  eaniagf,  und  moves  with  it  at  the 
point  of  greatest  stress.  It  may  consist  of  adjustable  jaws  or  a 
Bolid   ring  to  sUii  over  tlie  piece  being  turned.     \t  is  especially 
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valuable  in  tuniiiig  shafting  and  otiier  work  where  the  ratio  of 
length  to  dmmt!ter  is  very  grSat.  The  follower  rest  is  not  very 
oft«n  used  in  bIioji  practice,  except  on  classes  of  work  just 
mentioned.  The  extm  attacbuienta  desirable  for  a  lathe  will 
now  be  briefly  described. 

Chucks.     First  in  importance  is  the  lathe  chuck.  Fig.  96.     It 
consists  of  a  body  which  is  fastened  to  a  sitecial  face  plate  in  sucb 


i'ig.  iHi. 

11  way  that  it  is  concentric  with  the  spindle.  The  three  jaws  AAA 
can  be  moved  in  and  o\it  toward  the  center  by  turning  the  screw- 
heads  BIUJ.  These  chucks  are  univei-sal  or  inilependent.  In  tlie 
universal  chuck  all  of  the  jaws  are  o[)ei-iitod  simultaneously. 
That  is,  when  one  of  the  screw  heads  H  is  turneil,  all  of  tlie  jaws 
are  moved  an  equal  dist4knce  towards  or  away  from  the  center. 
This  makes  it  possiblt;  to  put  *he  work  in  position  quickly  if  it  is 
approximately  round  iu  its  undnished  condition.      With  tiie  in- 
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Fig.  08. 


(leiK3iuleiit  clmck,  Fig.  1>7,  eiicli  jaw  is  operated  separately.  Such 
a  chuck  is  used  for  lioldiug  pieces*  of  iri-egular  shape  and  those 
which  must  be  held  eccentrically.  Frequently  the  nnivereal  and 
independent  chucks  arc  ccnnbined  in  one.  Means  ai^e  then  pro- 
vided for  working  the  jaws  separately  or  togellicr  as  desircd. 

In  using  the  univei-sal 
chuck  each  screw  should 
be  tightened.    The  method 
of  procedure  is  to  pltvce  the 
work    in    the    chuck,    and 
turn  one  screw  head  until 
all  of  the  jaws  are  in  con- 
tact with  tlie  piece  to   be 
opei-ated  upon.    Then  turn 
the  chuck  and  tighten  each 
screw    head     successively 
until  each  one  is  tight  LMiough.     Owing  to  wear  and  lost  motion, 
it  is  sometimes   necessary  to  apply  the  wrench  to  each  one  three 
or  four  times  l)efoi-e  the  final  acfjustuient  is  reached. 

Lathe  chucks  are  usually  made  with  tliree  or  four  jaws. 
Univei-sal  chucks  generally 
have  three  jaws,  while  indc- 
])endent  chucks  have  four. 
It  follows  that  a  combiuatiou 
chuck  is  not  wholly  satisfac- 
torv,  U'causc  with  three  in- 
(U»}KMi<lcnt  jaws  it  is  very 
ditlicult  to  adjust  work  ac- 
curately, an<l  with  four  uni- 
vei'sal  jaws  it  is  (Mjually  dif- 
ficult to  gctcycry  jaw  to  bear 
on  tlu^  work.  For  ccitiiiu 
class(»s     of    \\(»rk,    especially 

vahes  and    pip(^  tiltings,  chucks  with  two  jaws  are   often  used 
The  largi?  Tice  ])l;itc  of  a  ?.ithe  can  be  niacb'  into  an  indepeu- 
dent    chuck    by  attacbini^^    wliiit    aw.    known   as    face-plate    jaws; 
Fig.  1»S.      In  this  cnsc,  there  may  1h'  six,  ci^ht,  or  mon*  jaws. 

As  these  chucks  are  exjicnsiyc  it  sometimes  liypjxjns  that  a 
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piece  is  U)  Ije  held  for  which  no  provision  is  made.  A  chuck  can 
then  he  made  of  wocxl.  Such  a  chuck  is  shown  in  P'ig.  99.  Two 
pieces  of  wood,  A  and  B,  are  bolted  together  by  the  holts  EK, 
whik^  sepirated  by  the  filling  pieces  CC.  The  piece  is  firmly 
Ih)1UmI  to  a  face  plate  by  the  bolts  DI).  The  lathe  is  then  run  at 
high  sj)eed,  and  the  interior  bored  out  exactly  the  size  of  the 
piece  that  is  to  l)e  held.  The  luits  of  the  Ixilts  EE  are  slackened 
and  the  filling  pieces  CC  removed.     The  work  is  then  inserted. 


Fig.  IW. 


Fig.  101. 


and  l)y  ti^^htening  the  mils  EE,  it  is  securely  clan^jcd  between 
the  pieces  A  and  B. 

Lathe  Dogs.  As  the  frictional  contac't  of  the  work  on  the 
live  center  is  not  sufficient  t^>  turn  it,  some  device  must  l)e  used 
to  make  the  work  turn  with  the  ct»ntcr.  To  accomplish  this  a 
lathe  (log  is  used.  For  round  work,  such  jis  shafting,  a  (hv^  Uko. 
that  shown  in  Fig.  100  is  often  usc<l.  The  shaft  or  pie<'e  to  be 
turned  is  placed  in  the  hole  A,  and  held  firmly  in  plnci^  by  tln^  s(»t 
screw  B.  The  tail-piece  ('  is  put  through  a  hole  in  tlu^  face  plate 
and  the  work  rotates  with  the  live  center. 

Whihvthis  type  of  dog  is  satisfjict^ny  in  most  cjkscs,  IIm*  fact 
that  the  contjict  l.K»t\ve(»n  tin?  dog  and  the  face  j^latt^  is  beyond  the 
end  of  the  pieoe,  introduces  a  Ijending  strain  which  is  appitjciable 


72 


MACHINE   SHOP   WORK. 


ill  slender  work.     To  avoid  this,  dogs  ai-e  made  with  a  straight 
tail,  and  driven  by  a  stud  projecting  from  the  face  plate. 

For  work  other  than  round,  a  dog  such  as  that  shown  in 
Fig.  101  may  be  used.  The  work  is  placed  between  the  jaws,  and 
held  in  position  by  the  bolts.     The  holes  in  the  upper  jaw  are  made 


Fig.  102. 

larger  than  the  screws  in  order  that  the  angle  between  the  jawB 
may  l)e  varied.  The  connection  l)etween  the  face  plate  and  dog 
is  made  as  with  Fi<y.  100. 

riandrels.     Another  method  of  holding  work  is  by  the  use  of 
a  mandrel.     This  is  a  piece  of  steel  with  a  slight  taper ;  the  ends 


Fi-.   10.3. 

are  flattened  for  the  lathe  dog,  as  shown  in  Fig.  102.  It  fre- 
quently happens  that  a  piece  with  a  hole  in  it  is  to  be  turned  or 
finished  over  its  outer  surface.  In  this  ease  a  dog  cannot  be  used, 
and  it  is  tnmblesoine  to  hold  it  to  a  ehuck.  Such  a  piece  is 
shown  in  Fig.  lOo.  This  is  a  stufling-box  gland.  If  it  were  to 
l>e  held  by  tlie  jaws  of  a  chuck  the  face  A  could  not  \>e  reached  at 
all,  and  only  a  j>ortion  of  the  edge  H,  whereas  a  dog  elamjied  to  it 
wouhl  offer  even  givater  obstruction.  The  metlKxl  of  using  the 
mandi*el  is  U)  ream  the  gland  out,  so  that  it  can  be  driven  upon 
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the  mandrel.  When  this  has  been  done  the  frictional  resistance 
between  the  two  will  be  sufficient  to  drive  the  piece.  In  this 
manner  it  can  be  finished  over  its  whole  surface  with  but  one  set- 
ting in  the  lathe.  All  finishing  possible  may  be  done  while 
it  is  in  the  chuck,  leaving,  in  this  case,  only  the  face  A  and  edge 
B  to  l)e  finished  while  on  the  mandrel. 

Should  the  gland  he  shaped,  as  shown 
in  Fig.  104,  it  would  l)e  necessary  to  make 
a  special  mandrel  to  fit  the  boi*e.     The 
cylindrical  part  of  A  of  the  mandi-el  must 
be  a  driving  fit,  and  the  part  B  a  loose  fit. 
Expanding  Mandrels,    Where  a  man- 
drel like  that  shown  in  Fig.  102  is  fre- 
(juently  used,  the  constjint  driving  on  and 
off  of  the  work  will  wear  it  to  a  smaller 
diameter,   causing   it   to   become    useless. 
Again,  solid  mandrels  are   usually  made 
of    standard   diameters,    vaiying   by  six- 
teenths of  an  inch. 
It  sometimes  hap- 
pens that  a  piece 
to  be  turned  has 

a  hole  which  will 
not  fit  any  stand- 
ard solid  mandrel. 
To  overcome  these  difficulties  an  expanding  mandrel,  shown 
in  Fig.  105,  is  used.  This  is  really  a  chuck  so  arranged  that  the 
grips  can  be  forced  out  against  the  interior  of  the  hole.  When 
the  work  has  been  finished  the  grips  are  again  drawn  in  and  the 
piece  removed.  Another  form  of  expanding  mandrel  is  shown 
in  Fig.  106. 

Centerinsr.  A  piece  to  be  turned  is  8upi)orted  on  the  two 
centers  of  the  lathe.  In  order  tiiat  this  may  be  done,  the  ends 
are  preptired  by  drilling  a  hole  in  each  and  countersinking  it. 
This  is  called  centering  Uie  work.  The  countersink  should  be  of 
exactly  the  same  angle  as  the  lathe  center  upon  which  it  is  to 
ixm.  The  hole  should  be  drilled  deep  enough  so  that  the  point 
of  Uie  lathe  center  may  not  strike.     The  shape  of  the  hole  is 


Fig.  104. 
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shown  ill  Fig.  107.     The  angle  of  the  hole  varies  from  40**  to  90*. 
but  G0°  is  the  generally  accepted  standard.     The  effect  of  using  a 
60°  hole  on  a  90°  center  is  shown  in   Fig.   108.     The  result  of ; 
such  an  application  is  that  the  bearing  will  be  concentrated  on  a 


Fig.  105. 


line  AB  causing  rapid  wear  of    the  outer  end  of  the  hole,  and 
a  cutting  of  the  dead  center. 

Tlie  size  of  center  IioUjs  varies  with  the  weight  of  the  work 
and  the  character  of  the  operation.  Heavy  work  and  rough 
turning  re([uire  large  center  holes,  while  small  work  and  fine  turn- 
ing can  be  done  without  eountersinking  dee[)ly.  As  bearing  sur- 
faces in  cast  iron  must  be  large  to  be  satisfactory,  center  holes 
in  cast  iron  are  likely  to  give  trouble  by  uneciual  and  rapid  wear. 
When  turned  work  in  cast  iron  must  be  very  accurate,  it  is  well 


rix® 
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to  drill  a  lari^u*  hole  in  each  end,  drive  in  a  plug  of  wrought  iron 
or  mild  ste(»l,  and  foim  llie  center  holes  in  the  plugs  thus 
driven. 

Wlien  the  piee«'  has  Imhmi  put  in  [)la(e,  the  dead  center  should 
\h}  oih'd  and  screwed  U[)  into  position.  It  sliould  be  tightened  so 
that  thei-e  is  no  lost  motion  and  vet  allow  the  work  to  turn  freelv. 

'I'he  tuniiuLr  of  shafts  and  bars  is  not,  !:o\Never,  the  onlv  kiml 
of  work  t4)  be  (l«)ne  on  a  lathe.  Pieces  aie  to  be  turned  that  nw 
tliin,  that  have  holes  through  tlie  center,  and  which  are  so  shaped 
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tbut  they  cmiiiut  be  lielil  iipuiL  the  eeiitei-s.  In  ttUL-h  Viisvs  it  be- 
uoiiiea  ueeessaiy  to  hold  the  work  finuly  Tvitliout  distortion,  ns 
iiiiiy  be  done  liy  use  of  the  luthe  chuck. 


FiK.   107. 

Still  another  method  of  holding  work  is  that  shown  in  Fig. 
109.  The  piece  is  chiniiied  to  tlie  face  ])late.  When  this  is  done 
there  should  be  a.  beaiing  on  the  face  plate  immediately  beneath 
tlie  clamping  strap.  Fqr  example  consider  Fig.  110.  Snppose  a 
diijk  liaving  four  feet  on  one  side  is  to  be  faced  off  on  the  front. 


k 


] 


The  clamps  should  be  placed  directly  over  the  feet  as  in  B,  Tf 
tliey  are  phiced  between  the  feia  at  KK  the  work  will  Iw  spni»K 
ont  of  shiijie  aa  shown  by  tlio  dotted  hues  in  ,\.  'I'iicii,  when  tlie 
tool  has  done  ita  work  the  shaiw  ot  tlie  piece,  wliile  bolted  t<i  tlie 
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face  plate,  will  be  ius  shown  iii  C.  As  soon  as  the  pressure  of 
the  straps  is  removed  tlie  elastieity  of  the  metal  will  cause  tlie 
piece  to  assume  the  convex  form  shown  in  I),  whereas,  if  tlie 
straps  had  been  phiced  as  shown  in  B,  no  distortion  would  have 
been  produced. 


r 
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Fig.   110. 


An  angle  iron  may  be  clamped  on  a  face  plate,  as  shown  in 
Fig.  Ill,  presenting  a  surface  parallel  to  the  latlie  axis  to  which 
work  may  be  attjiched.  Tlie  angle  irons  may  of  course  be  at  any 
angle  to  the  face  plate,  but  90°  is  the  one  most  commonly  used. 


Fig.  111. 

When  work  is  held   in   this   manner,  it  is   desinible  to   counter 
Iwdance  it^  as  is  also  shown  in  Fig.  111. 

Adjusting:  Pieces  to  Center.  Whenev(»r  a  piece  is  to  Ire 
turned  in  a  Lithe  it  is  necessary  to  adjust  it  so  that  its  rough  out- 
line  is  approximately  concentiic  with  the  lathe  centers.     This  is 
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done  by  Imltiiig  it  lightly  to  the  face  plate  and  running  the  lathe. 
Wliilo  running,  a  piece  of  chalk  is  hehl  so  that  the  pnijecting 
portions  will  strike  it.  This  marks  the  piece,  and  indicates  the 
part  that  is  farthfst  from  the  center.  I'he  lathe  is  then  stopped 
and  the  piece  shifted,  moving  the  chalk 
mark  towarda  the  lathe  center.  Tliis 
19  repeated  until  the  chalk  makes  a 
continuous  mark  around  tlie  whole 
circumference.  Tlie  piece  may  then 
be  considered  to  be  centered. 

Suppose  it  is  necessary  to  center 
a  piece  having  a  hole  that  must  run 
true.  In  this  case  the  inside  of  the 
hole  nmst  be  used  as  a  guide.  Let 
Fig.  112  represent  the  hole  with  the 
thin  shell,  and  A  a  chalk  mark  made 
as  described  for  centering  by  the  out^ 
side.  In  this  work  the  chalk  mark 
must  be  vwred  atcay  frovi  the  center. 
A  latlie  tool  may  be  used  as  shown  in 
that  is  to  be  bored. 

Where  a  piece  has  already  been  turned,  greater  acciinicy  is 

demanded,  and  a  surface  gage  may  be  used  to  advantage.    Set  the 

gage  (in  the  bed  or  carriage 


.  Fig.  113  to  center  a  piece 


t^^ 


^3 


of  the  latlie,  and  place 
one  of  the  pointa  in  con- 
tact with  the  work,  lio- 
bite  the  work  as  Iwfore, 
aTid  note  where  the  point 
touches  the  surface.  This 
point  is  to  be  treated  in 
ttie  same  way  as  the  chalk 
mark  explained  in  a  preceding  paragraph. 

A  still  more  accurate  meUuHl  of  centering  a  piece  of  turned 
work  on  a  face  plate  ifi  to  use  some  form  of  gnidiiatetl  indicator, 
Buch  as  the  Starrett  indicator.  Fig.  114.  This  is  held  in  the  tool 
post,  and  the  contact  point  brought  ag-ainst  the  work  imtil  the 
mdi.'atJng  arm  U  at  zero.     If  the  work  is  now  slowly  rotated  by 


Fig.  113. 
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hand,  tlio  indicator  will  show  just  where  the  work  is  out  of  true, 
and  lwin«r  irmduated  in  thousandths  of  au  inch,  will  also  show 
how  nnu:h.  Uy  careful  adjustment,  the  piece  may  l^e  centered  to 
th(;  de^i(*e  of  accui'acy  required. 

Instead  of  locating  a  cylindrical  surface  concentric  with  the 
axis  of  the  lathe,  it  often  happens  that  a  point  is  to  lie  located  iu 
the  axis.  For  this  purpose,  the  center  indicator,  Fig.  115,  is 
used.  Tiie  free  end  of  the  short  arm  is  placed  in  the  punt  to  l)e 
centered  (usually  a  prick  punch  mark),  the  fulcrum  being  held  in 


Kiir.  lU. 

the  tool  post;  when  the  work  is  rotatcMl,  the  free  end  of  the  long 
anu  not  only  shows  the  error,  hut  niagiiities  it  in  proportion  of 
the  lentj^th  of  the  short  jirin  to  the  length  of  the  long  arm.  l>y 
using  a  coniparalivcily  long  ai'in,  the  point  can  be  very  elostdy 
(MMitcred. 

Crntcruuj  FinixltnJ  Work.  After  making  the  centi*r  ])unch 
mark  in  tlie  end  of  the  [)i(M'e,  it  is  driUed  and  countei*sunk.  This 
must  bt»  done  vcrv  Jiccuialelv,  but  fn'(] uentlv  the  drilled  hole  or 
the  countersink  will  not  bt*  in  the  exact  center.  See  Fiir.  110. 
This  may  be  caused  by  uneven  grinding  of  the  drill,  eccentric 
motion  of  th(^  drill  j)oint  (chu;  to  the  inaccurati^  running  of  tlie 
spindle),  or  the  distortion  of  tlu?  metal  by  the  center  punclu  If 
tlie  countersink  is  not  exactly  in  the  center,  it  must  1h^  drawn 
back  to  tiu^  center.     Tliis  is  g<Mierally  done  by  the  small  round- 
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nosed  chisel  mitl  h  hAiiimer.  The  iiietliod  of  iloiiifj  tliis  work  is 
jis  follows:  After  making  the  center  pnnch  mark,  flic  Iiole  is 
drilled  and  then  counteisunk  slightly.     The  work  should  Jiow  be 


ty 


Fig.  lie. 

stopped ;  and  if  the  circumference  of  the  conical  hole  is  not  con- 
centric with  the  circumference  of  the  piece  a  groove  should  be  cut 
down  the  side  farthest  from  the  outer  circumference,  as  shown  in 
Fig.  117.     The  depth  of  the  groove,  which  should  be  near  tlie 


Fig.  116. 


Fig.  117. 


center,  depends  upon  the  amount  of  eccentricity.  The  countersink 
is  Hgiiin  started  and  the  groove  drilled  out.  If  tlie  cin>le  is  not 
jet  concentric,  the  process  is  rei>eated. 

Lathe  Tools.  The  cutting  tools  used  in  latlies  are  of  a  great 
variety  of  shapes.  These  ahajn-s  art-  lulnptoil  to  tlit-  work  that  is 
to  be  done,  and  to  the  kind  of  Hnisb  that  is  to  be  left  upon  the 


80  MACHI]S'E  SHOP   WORK. 

metiil.  Tliere  are  two  funtLunental  reqiiireiuents  that  all  tools 
must  fulfill :  77/f;  cutfunj  fth/c  alone  must  touch  the  mttal ;  the  edtje 
muHt  he  keen.  A  typical  form  of  tool  ivS  shown  in  Fig.  118.  The 
cutting  edge  of  the  tool  at  A  is  in  contact  with  the  work.     The 

bottom  line  A  B  runs 
back  from  tlie  metal  and 
does  not  touch  it.     The 

E '^'^~Z^Hl^  I         ^^P    ^^^®    ^    ^    slopes 

down   and    back.     ITie 

^"  ^■^>/|  ^^         ^X^  ^^^^  A  D  is  a  tangent 

at  tlie  cutting  point,  and 
Fi^  'l'i8.  the  line  A  E  is  radial 

at  the  same  point. 
There fore>  the  angle  1)  A  E  is  always  a  right  angle  or  90°.  The 
angle  D  A  B  is  called  the  angle  of  clearance^  and  should  be 
small;  in  lathe  tools,  not  over  1U°.  The  angle  C  A  E  is  called 
the  angle  of  rake^  and  should  he  as  great  as  circumstances  will  per- 
mit; about  20°  on  lathe  tools  for  wrought  iron  and  steel,  leaving 
60°  for  the  solid  or  cuff  in//  angle,  which  is  the  same  angle  as  is 
used  for  a  cold  chisel. 

Cleanvnce  prevents  the  tool  from  rubbing  on  the  work,  while 
rake  adds  to  the  keenness  of  the  cutting  edge,  and  gives  freedom 
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I 


Fig.   119.  Fig.  120. 

to    the    removal    of    the    chips.     A  tool    should    have   sufficient 
strength  at  the  point  to  do  the  work  rccjuired. 

'i'lie  tool  should  hi',  set  so  that  llic  cuttiiiLr  <'dtre  will  l)e  ver\' 
nearly  at  a  horizontal  line,  i)assint^  tln-ouufh  the  axis  of  the  work. 
M. my  machinists  set  the  cuttintr  rdm'  a  little  al>ov(^  the  horizontiil 
line.  When  so  set  the  stress  tends  to  foice  the  tool  down  alonu 
the  liiui  of  its  (rn*atf-t   strength.     Tht»  tool    niav.  however,  ])e  set 
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too  high.  If  this  is  clone,  as  in  Fig.  119,  the  angle  of  clearance 
will  disappear,  and  the  curve  of  the  work  will'  rub  against  the 
bottom  of  the  tool.  Tliis  will  tend  to  force  it  out;  it  will  heat 
the  steel  and  produce  a  rough  suiface  on  the  metiil  being  turned. 
If,  on  the  other  hand,  the  tool  is  set  too  low,  as  in  Fig.  120,  the 
cutting  edge  does  not  stand  in  line  with  the  motion  of  the  work 
at  tlie  point  of  contact. 
The  result  will  be  that  the 
metal  will  be  scraped  rather 
than  cut,  as  there  is  no 
rake,  and  the  pressure  upon 
the  tool  will  be  in  the  line 
of  its  lowest  power  of  re- 
sistance, as  indicated  by  the 
arrow.  Such  a  position 
might  cause  the  point  of  the  tool  to  break  off.  It  will  also  cause 
the  tool  to  tremble  or  chatter  as  it  removes  the  chips,  leaving  a 
rough  and  wavy  surface  on  the  metaU 

As  stated  above,  many  machinists  prefer  to  set  the  cutting  edge 
a  little  above  the  center ;  if  this  is  done,  the  rotation  of  the  work 


Fig.  121. 


Fig.  122. 

has  a  tendency  to  depress  the  point  of  the  tool  a  little,  bringing 
it,  while  cutting,  nearly  to  the  center.  The  amount  the  tool  is 
set  above  the  center  is  slight,  and  of  course  depends  ui)on  the 
diameter  of  tlie  work.  The  angle  A  C  B,  Fig.  121,  should  be 
only  about  5  or  6  degrees. 
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Fig.  128. 


The  tool  is  usually  held  to  the  caniage  by  means  of  a  tool  post, 
shown  in  Fig.  1 22.  The  post  consists  of  a  piece  with  a  slotted 
hole  through  the  center  for  the  tool  B.  A  ling  C  slips  over  it 
and   rests   upon   the   body  of   the   caniage.     This  ring   may  be 

beveled  as  shown,  to  provide 
vertical  adjustment  for  the 
point  of  the  tool.  The  post 
has  a  collar  D  at  its  lower 
end  that  goes  loosely  into  a 
slot  in  the  carriage.  At  the 
top  there  is  a  set  screw  E. 
When  the  tool  has  been  pro- 
perly adjusted  by  turning  the 
ring  C  to  give  it  the  correct 
elevation,  the  set  screw  is 
tightened  down  upon  the  top  of  the  tooL  This  raises  the  tool 
post  to  a  bearing  on  the  under 
side  of  the  slot,  and  clamps 
the  whole  carriage  firmly  in 
position. 

In  setting  the  tool,  it  should 
be  done  with  the  cutting  edge 
as  far  back  towards  the  support- 
ing ring  as  possible.  If  it  has 
too  much  overhang,  as  showTi 
by  the  dotted  lines  of  Fig.  122, 
:i  will  spring  under  the  pres- 
sure of  the  work  and  chatter. 

While  this  form  of  tool  i)ost 
is  used  more  than  any  other, 
there  are  certain  objections  to  it. 
In  the  first  place,  changing  the 
heit/ht  of  the  tool  point  also  chancres  the  angles  of  rake  and 
clearance.  These  are  supposed  to  be  correct  when  the  base  of 
the  tool  is  horizontal.  Any  change  from  this  position  will  alter 
these  angles  materially.  Again,  this  post  is  not  rigid  enough 
for  heavy  work.  On  lathes  of  over  thirty  inches  swing  the 
style   of    tool-holder    shown     in     Fig.    123    is    often    employed. 


Fig.  124. 
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English  manufacturers  use  it  almost  exclusively  on  all  sizes. 
There  is  no  provision  for  raising  and  lowering  tlie  point  of  the 
tool ;  and  while  this  is  not  of  serious  importance  on  large  lathes, 
3D-inch  and  over,  it  becomes  a  matter  of  moment  when  turning 
such  work  as  is  usually  handled  in  lathes  of  14-iDch  and  16-inch 
swing. 

Tlie  form  shown  in  Fig.  124  has  two  beveled  rings  to  adjust 
tlie  height  of  the  tool. 

The  Lipe  tool  [wst,  shown  in  Fig.  125,  combines  the  good 
points  of  all  the  other  forms ;  the  tool  can  he  held  by  one  or  two 


Vir.  186. 


screws  aa  the  character  of  the  work  may  require,  and  tlie  t^iol  may 
be  adjusted  vertically  and  horizontally  after  being  clamped  down. 
Tlie  construction  and  operation  of  this  tool  post  are  so  evident 
from  the  illustration,  that  further  description  will  not  be  given. 
An  entirely  different  method  of  adjusting  tlie  tool  imiiit  is  bv 
means  of  what  is  called  the  elevating  or  rise-Jiiid-fall  ivst  slmwri 
in  Fig.  126.  In  this  type  there  is  a  T^tiiaped  casting  carried  i>n 
tlie  ujii»er  part  of  the  carriage,  supported  by  tninnion  sci'e^s  at 
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the  front,  and  by  an  adjusting  screw  at  the  rear.  With  this  is 
used  a  tool  post  as  shown  in  Fig.  122  with  a  plain  ring.  The 
elevating  rest  is  used  quite  extensively  on  small  lathes,  but  the 
convenience  of  adjustment  is  gained  by  a  loss  in  rigidity.  The 
cross  rail  is  light,  and  the  elevating  portion,  being  supported  at 
three  widely  separated  points,  lacks  stiffness.  As  the  eflfective 
swing  over  the  carriage  is  limited  by  the  height  of  the  cross  rail 
and  the  parts  carried  above  it,  they  are  made  light  —  too  light  in 
many  cases. 


Fig.  126. 

Turnins^  Tools.  The  side  or  facing  tool,  Fig.  127,  is  the  most 
common  form  of  hithe  tool.  It  is  used  for  squaiing  up  the  ends 
of  shafts,  facing  shoulders,  and  similar  work.  While  the  ordi- 
nary forms  will   not  remove  a  laige  amount  of  metal,  they  can, 


^ 


Fig.  127. 


Fig.  128. 


when  made  thick  and  heavy,  be  used  for  roughing  cuts  on  the 
surface  of  cylindrical  work.  The  connnon  form  is  made  slender 
in  order  to  work  between  the  dead  ccnU?r  and  the  work  in  squar- 
ing up  ends. 

A  common  form  of  tool  for  tnrning  wron<^ht  iron  and  st^vl  is 
the  diamond  point  slujwn  in  Fitjf.  1-8.  'I'lit*  luuwo.  is  dcriviMl  from 
the  shape  <>f  the  top  fjice.     Tiiis  tool  has  both  front  and  side  nike 
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which  allows  a  keen  edge  without  reducing  the  strength.  It  is 
used  for  fiuisliing  only  when  the  point  is  ground  slightly  round- 
ing and  a  fine  feed  is  used.  In  finishiug,  but  little  metal  should 
be  removed.  The  Feed  of  a  tool  is  the  amount  of  longitudinal 
advance  at  each  revolution  of  the  work.  For  roughing  out  cast 
iron,  a  strong  and  rapid  working  tool  is  a  round  nose  with  con- 
siderable side  rake.  For  finishing  wrought  iron  and  steel,  a 
modification  of  the  diamond  point,  as  shown  in  Fig.  129,  is  often 
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used.  For  cast  iron,  a  square-nosed  tool,  Fig.  130,  should  be 
used.  It  must  be  carefully  ground  and  accurately  set,  otherwise 
it  is  very  likely  to  gouge  into  the  softer  parts  of  the  metal. 
When  finishing  wrought  iron  and  steel,  the  tool  should  be  liber- 
ally supplied  with  oil  or  soda  water.  Cast  iron  must  always  be 
worked  diy,  both  in  roughing  and  finishing. 

Tlie  cutting-ofif  or  parting  tool  is  illustrated  in  Fig.  131. 
The  blade  is  quite  narrow  ;  as  narrow,  in  fact,  as  the  character  of 
tlie  work  will  allow.  This  is  necessary  in  oitler  that  the  stock 
may  not  be  wasted.     As  the  blade  must  l>e  narrow^er  at  the  shank 
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Fig.  181.  Fig.  1.32. 

and  at  the  bottom  than  it  is  at  the  cutting  edge,  it  follows  that 
the  tool  is  weak.  It  must  be  set  Iioiizontally  so  that,  as  the  tool 
is  fed  to  the  work,  the  cutting  edi^e  only  will  touch  th.e  metal. 
It  must  also  bo  set  so  that  the  cutting  cdjro  will  pass  through  the 
axis  of  the  work  as  it  is  fed  to  the*  cH-ntcr.  If  set  too  hio;Ii,  it  will 
ft»asi»  to  cut  befoiv  the  ci'iiter  of  the  work  is  ns-u'Iird,  wliilr  if  too 
low,  till*  tool  has  a  poor  scraj)incr  action,  and  will  Icavt*  a  portion  of 
the  work  uncut.      On  work  hrld   between   centers,  one  should   not 
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attempt  to  cut  to  the  center  of  the  piece,  as  the  work  will  surely 
ride  up  onto  the  tool. 

Boring  Tools.  When  a  hole  is  to  be  bored  in  a  latlie,  tools  of 
a  different  shaj)e  from  those  used  in  turning  must  be  used.  The 
general  form  of  the  tool  is  sliown  in  Fig.  182.  The  length  of  the 
shank  at  A  dejKinds  on  the  depth  of  the  hole  to  be  bored,  for  it 
must  be  long  enough  to  reach  from  the  tool  iK>st  to  the  bottom  of 
tlie  hole.  This  overliang  makes  the  tool  more  likely  to  spring, 
and  necessitates  a  much  lighter  cut  than  can  be  taken  when 
removing  the  same  amount  of  metal  by  outside  turning  tools. 
The  result  of  this  lighter  cut  is  seen  in  the  increase  of  time 
required  to  remove  a  given  amount  of  stock.  The  shai^e  of  the 
cutting  edge  is  i)ractically  the  same  as  that  of  the  tools  for  turn- 
ing, except  that  the  boring  tool  must  have  more  clearance  to  avoid 
striking  the  work.  Therefore,  with  the  same  solid  angle,  the  tool 
^vill  have  less  rake.     The  reason  for  this  will  l>e  seen  by  compar- 


Fig.   13;}.  Fig.   134. 


ing  Figs.  118  and  133.  In  Fig.  118  it  will  be  seen  that  the  sur- 
face of  the  work  is  outside  a  tangent  at  the  cutting  point,  and  can 
never  interfere  witli  the  bottom  of  the  tool.  In  Fig.  133  the 
work  surface  is  inside  tlie  tangent ;  and,  unless  the  tool  has  a  lai"ge 
amount  of  clearance,  it  will  cause  trouble  l)y  striking  the  concave 
surface. 

Tools  for  brass  differ  from  those  used  on  steel  and  iron  in 
that  they  have  no  rake.  A  tool  suited  for  brass  is  shown  in  Fig. 
134.  Brass  is  a  very  brittle  metal,  and  the  chips  break  off  as  soon 
as  stiirted  from  the  main  body.  When  turning  wrought  iron  and 
steel,  on  the  other  hand,  the  metal  does  not  break,  but  forms  long 
spiral  chips  if  the  tool  is  in  goal  condition.  If  a  tool  with  i*ake 
is  used  in  turning  brass,  the  work  will  not  only  l)e  rough  in 
appearance,  Init  there  is  great  danger  of  tlse  tool  gouging  into  the 
stock  and  spoiling  the  work  or  tool,  possibly  both.     The  finishing 
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tools  for  brass  may  be  square  or  round  nosed,  without  rake ;  in 
fact,  a  small  amount  of  negative  rake  will  produce  a  much  better 
surface.  When  the  brass  contains  a  large  percentage  of  copper, 
some  rake  may  be  required  owing  to  the  ductility  and  toughness 
of  the  metal. 

Fig.  135  shows  common  forms  of  lathe  tools. 

The  shape  of  the  tool  has  a  very  important  influence  on  the 
amount  of  work  it  can  be  made  to  do.     As  has  already  been  ex- 
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A  I/eft-hand  Side.  E  Left-hand  Diamond  Point, 

B  Kight-band  Side.  F  Round  Nose. 

C  Right-hand  Bent.  G  Cutting  off. 

D  Right-hana  Diamond  Point.  H  Roughing. 

Fig.   136. 


I  Threading. 

J  Bent  Threading. 

K  Boring. 

L  Insid«  Threading. 


plained,  these  shapes  vary  with  the  different  metals  that  are  being 
worked,  and  also  with  the  class  of  work  performed.  It  is  highly 
important  that  the  cutting  angles  be  correctly  formed.  While 
hand  grinding  on  the  emery  wheel  and  grindstone  is  fairly  satis- 
factory, the  best  results  can  only  l)e  attained  by  the  use  of  a  re<jf- 
nlar  tool-gnnding  machine,  shown    in  Fig.  136.       In  addition, 


88  MACHINE   SHOP   WORK. 

tools  for  fine  finishing  should  be  carefully  whetted  on  a  fine  oil 
stone. 

The  cutting  speed  is  an  important  matter.  This  varies  with 
the  shai)e  of  the  tool,  the  quality  of  the  metal  being  worked,  and 
the  sti*ength  of  the  lathe.  The  amount  of  metal  removed  in  a 
given  time  is,  therefore,  equally  variable.  It  is  impossible  to 
make  a  correct  estimate  of  the  time  that  a  given  piece  of  work 
will  require  unless  all  of  the  above  elements  are  known.  For 
approximate  estimates,  the  speeds  of  cutting  tools  may  be  taker 
to  range  about  as  follows : 

In  cast  iron,  from  30  tx)  40  feet  per  minute. 

In  wrought  iron,  from  25  to  30  feet  per  minute. 

In  steel,  from  15  to  25  feet  per  minute. 

In  brass,  from  60  to  100  feet  per  minute. 

Suppose  a  wrought  shaft  6  feet  long  and  4  inches  in  diameter 

is  to  be  turned.      Let  tlie  lathe  be  capable  of  carrying  a  feed  of  ^V 

inch  per  revolution.    The  shaft  has  a  circumference  of  4  x  3.1416  = 

12.5664  inches.     To  give  the  tool  a  cutting  speed  of  25  feet  per 

25  X  12 
minute,  the  shaft  nuist  make  "-    .-r^.""  =  24  (about)  revolutions, 

12.Dbb4 

giving  a  feed  of  ^^j  x  24  =  ?  inch  in  that  interval  of  time.  At  i 
inch  per  minute,  it  will  take  (6  x  12)  h-  ^*  =  06  minutes  to  take 
a  cut  the  whole  length  of  the  shaft.  The  amount  of  feed  is  really 
the  governing  ehMiicnt.  This  may  be  as  much  as  i\  inch  |)er  rev- 
olution, and,  for  linisliing  cuts,  may  not  be  more  than  j^  ^  inch.  The 
(lej>th  of  the  cut  also  inlliuMices  the  time  required  to  finish  a  given 
piece.  This  may  vary  from  -^l^^  to  i  inch.  All  depends  on  the 
shape  of  the  tool  and  the  strength  of  the  latiie. 

The  cutting  speeds  given  jil>ove  are  what  may  be  used  with 
the  best  grades  of  tool  steel,  such  as  .Icssop's,  but  by  using  air- 
hanlening  or  tungsten  steels,  the  s^khmI  of  cutting  may  be  ver}' 
much  inert^ased  over  the  values  given  above.  These  high-speed 
steels  are  rapidlv  coniinii:  iuto  favor,  more  esixjciallv  for  hea\^'' 
roughing  cuts.  Not  only  are  the  cutting  speeds  inci*eased,  but 
tilt*  ('hip  is  made  heavier  both  in  depth  and  feed  up  to  the  point 
where  the  lathe  I'efuses  to  eanv  the  load.  The  al)ilitv  of  this 
<|Uality  of  steel  to  stand  high  teuiperatures  without  injuiy  is  the 
featui'e  whieh  enables  it  to  do  work  at  this  rate. 
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For  cooling  the  tool  while  performing  heavy  duty,  a  solution 
of  Sill  soda  is  preferable  to  water,  as  it  prevents  nisting  of  the 
work  and  machinery.  Ihe  lulwicant  does  not  assist  in  tlie  sever- 
ing of  the  metal ;  even  with  a  most  libei-al  supply,  it  ia  doubtful 
if  any  ever  reaches  the  poiut  of  the  tool.     Its  office  is  simply  to 
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keep  the  tool  cool.     If  a  tool  b<;ci)ini'3  oveiheated,  the  edge  begins 
to  turn  ovor  and  it  Incomes  dull. 

Iti-ferring  to  Fig.  120,  it  will  bi;  si-.'ii  lluit  tin-  diij.,  iis  it  ia 
iK'iiig  removed,  pivswes  duwn  mi  tin-  Idp  fiict;  of  tbc  liml,  Tliia 
In-oKsui-u  incruattus  witli  the  dcjjlli  of  cut  imd  tin-  fii'il.  'I'lic  frin- 
tion  would  sooit  ciiuso  a  high  toinj)eiiiliirc  in  thu  tool  if  it  werA 
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not  relieved  by  the  lubricant.  T!ie  lubricant  cools  the  tool  by 
absorbing  a  portion  of  the  heat,  and  lessens  the  ainouut  of  heui 
develoi)ed  by  reducing  the  fiictiou  between  the  tool  and  the  chip. 
Clean,  pure  water  is  the  only  lubiicant  which  can  be  used  on  cast 
iron,  but  the  rapid  rusting  which  follows  its  use  makes  it  unde- 
sii-able.  Brass  is  also  usually  turned  dry.  Prime  quality  laid 
oil  is  sometimes  used  for  cooling  tlie  tool ;  but  the  greater  cost 
prevents  its  extended  use,  unless  some  means  are  provided  to  col- 
lect, separate,  and  filter  it 


Fig.  137. 

Turning:,     Tlie  first  operation  usually  performed  on  a  pnece 

of  work  when  placed  in  the  lathe  is  facing  or  squaring  up  tlie 
ends.  Tills  must  be  done  to  gi.'t  a  uniform  bearing  for  the  cen- 
ters. The  finishing  of  all  snrfaces  at  or  nearly  at  right  angles  to 
the  axis  of  the  work  is  chissed  as  facing,  and  the  side  tool  (Fig. 
127)  is  usually  employed.  For  roughing  cuts  the  cutting  face  of 
tlie  tool  is  jilaced  at  a  slight  angle  to  the  work  surface  in  onler 
to  remove  the  inclal  quickly;  but  for  iiuishing  cuts  it  is  placed 
nearly  flat  against  tlie  work,  so  that  a  light  thin  chip  may  be 
taken. 

Turning  the  cylindncal  portions  ot  the  work  is  next  done  by 
the  use  of  the  diamond  ^H)int  or  similar  tool.  Houghing  cuts  are 
taken  to  within  about  ^f  inch  of  the  finished  size,  and  a  fine 
finishing  cut  reducrs  the  work  to  the  exact  diameter.  For  rough- 
ing cuts,  coninioii  calipei^s  sliould  be  employed,  while  for  finishing 
cuts,  the  uiieromctfr  calijier  is  must  snibible.  All  nieasuremeuls 
must  Ik!  taken  with  tiie  hithc  nt  rest,  as  motion  of  tlie  work 
rcudei^a  close  caliitciing  impossible. 
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Turninsf  a  Taper.  It  frequently  happens  that  a  piece  must 
l)e  turned  tapering;  that  is,  one  end  is  to  have  a  greater  diameter 
than  tlie  other.  There  are  three  ways  of  accomplishing  tliis 
result:  setting  the  dead  center  over,  the  use  of  the  compound 
rest,  and  the  use  of  the  taper  attachment  Setting  the  dead  cen- 
ter over  is  the  most  common  method.  Provision  is  generally 
made  for  moving  the  dead  center  laterally  towards  the  front  or 
rear  of  the  bed  according  to  the  taper  required.  With  the  dead 
center  set  over,  the  tool  will  be  at  unequal  distances  from  the  live 
and  dead  centers,  because  its  movement  is  parallel  to  the  axis  of 
the  latlie.  This  is  shown  in  Fig.  137.  The  piece  to  be  turned  is 
placed  upon  the  centers  A  and  B,  and  the  dead  center  is  moved 
from  the  axis  a  distance  equal 
to  the  difference  between  the 
radii  A  D  and  B  C.  This  leaves 
the  side  I)  C  parallel  to  the 
center  line  of  the  lattie;  hence 
the  tool  will  be  fed  along  this 
line.  The  objection  to  doing 
work  by  this  method  is  that  the 
lathe  centers   do  not  have  full 


Fig.  138. 


bearings  at  the  ends  of  the  work,  and  the  center  holes  are  likely 
to  wear  out  of  their  true  positions. 

If  the  taper  is  to  be  turned  on  a  piece  held  by  a  mandrel,  or 
if  the  taper  is  to  extend  but  a  part  of  the  total  length  of  tlie  work, 
the  amount  of  set-over  for  the  dead  center  must  be  calculated  in 
the  same  manner  as  though  the  taper  were  to  extend  the  whole 
length  of  the  mandrel  or  work.  In  other  words,  the  amount  of 
set-over  for  the  dead  center  is  determined  by  the  distance  between 
the  centers  and  the  rate  of  taper. 

For  example:  Suppose  the  mandrel  in  Fig.  138  to  be  IG 
inches  long,  and  the  piece  of  work  C  D  which  is  to  be  turned 
tapering,  is  4  inches  long ;  suppose  also,  that  the  diameter  at  D 
is  to  be  I  inch  smaller  than  at  C.  Then  for  one  inch  of  length,  the 
difference  in  diameters  would  be  one-fourth  of  |  inch,  or  -^^  inch, 
and  for  a  length  of  16  inches  it  would  be  sixteen  times  -^^  inch,  or 
1  inch.  Since  the  set-over  is  equal  to  the  difference  of  the  radii, 
the  set-over  for  the  16  inches  would  be  one-half  of  1  inch,  or  i  inch. 
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This,  then,  would  l)e  the  set-over  for  the  work  under  considera- 
tion, and  for  any  piece  to  be  tiipei^ed  at  the  mte  of  i  incli  in  4 
inches  when  held  on  a  IG-ineh  niaudi-el. 


EXAMPLES   FOR   PRACTICE. 

1.  A  tapered  buahhig  3  inches  long  and  of  4  and  4J  inches 
outside  diametera  is  driven  on  a  12-inch  mandrel  for  turning. 
How  much  must  the  dead  center  be  set  out  of  line  in  order  to  do 
tlie  work?  Aiii?.  1  inch. 


Fig.  139. 

2.  A  connecting  rod  6  feet  long  is  to  be  turned  tapering 
from  the  center  to  the  neck  back  of  tlie  stul)-ends.  This  distiuice 
is  20  inches.  The  diameter  at  the  center  is  to  l)e  3  inches,  and 
at  the  neck  2}  indies.  How  much  offset  must  be  given  to  the 
dead  centt^r?  Ans.  .<»i>2 -finches. 

3.  A  shaft  liad  a  taper  2  feet  long  turned  on  one  end.  The 
large  end  of  tlie  ta})er  was  4  inches  in  diameter,  and  the  small  end 
was  3  implies  in  diameter.  The  dead  center  was  set  over  1  inch. 
How  long  was  the  shaft?  Ans.  4  feet. 

The  machinist  <:r<'"<'i'*«dlv  sets  over  the  dead  center  as  accu- 
rately  as  p)ssible  and  t^ikcs  a  roughing  (Mit.  '^Khe  taper  is  then 
tested  by  a  careful  comparison  of  tin*  diameters  or  by  tiying  it  in 
a  tajK^red  hole  of  the  projx'r  angle,  and  the  center  set  more 
accurately.  Setting  over  th(^  dead  ccMiter  does  not  give  accurate 
results,  on  account  oi  the  fact  that  the  centers  do  not  have  a  true 
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beitiing  at  tlm  ends  of  tlie  work.  The  shorter  the  work, compared 
with  the  iiiiiouiit  of  ii^etrover,  tlte  greater  the  iiiaueuriicy. 

Ill  tnriihig  a  taper  with  tlie  compound  rest,  tlio  work  may  be 
heUl  ill  a  chuck,  oil  the  faceplate,  or  between  tJie  centers.  Tlie 
compound  rest,  Fig.  139,  is  tlieu  set  at  such  an  angle  tlint  the 
direction  of  the  motion  of  the  tool  will  coincide  with  the  requireii 
Uiper.  Sevenil  methods  are  employed  for  this  adjustment  of  thf 
rest.  The  tool  is  tlien  fed  to  the  work  by  means  of  the  feed 
handle  attached  to  the  compound  rest. 

The  taper  attachment,  Fig.  140,  is  in  tlie  form  of  a  guide 
whic)i  is  bolted  to  the  back  of  the  lathe.  It  can  be  set  at  any 
desired  angle  with  the  axis  of  the  lathe,  the  limit  usually  being  a 
taper  of  about  tliree  inches  per  foot     The  guide  is  graduated  so 


Fig.  140. 


that  calculations  based  OQ  the  length  of  the  work  are  unnecessary. 
A  slide  moving  with  the  guide  is  attached  to  tlie  cross-feed  of  the 
carriage.  The  cross-feed  is  loosened,  and,  while  the  cnrriiige  is 
moved  by  the  feeding  mechanism,  the  tool  is  moved  in  or  out 
according  to  the  direction  of  the  taper. 

One  of  the  most  important  points  to  be  olserved  in  turning 
tapers  is  to  have  tiie  catting  point  of  the  tool  exactly  level  with 
the  centers.  I£  this  is  not  done,  the  work  will  not  be  truly 
conical,  and,  furthermore,  the  nita  of  taper  will  vary  with  each 
succeeding  cut 
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In  case  an  iiiionial  and  an  external  taj^er  are  to  be  tiinieil  so 
as  t4»  ioYiu  a  tit,  the  internal  Uiiier  sLoiild,  if  the  character  of  the 
work  will  {»erniit,  lie  nuule  tirst.  After  this  lias  been  done,  tlie 
external  tiii>er  should  lie  tuined  and  tested  several  times  during 
the  pnx»ess.  The  external  tiii»er  is  first  turned  as  accurately  as 
piissihle,  takini^  care  that  the  piece  be  made  a  trifle  too  lai^ge. 
Draw  a  ehalk  line  on  the  external  taper,  from  one  end  to  tlie 
other,  press  the  lajters  t<^ther,  and  give  one  of  them  a  slight 
twist.  On  s<'{xirating  the  ta{»en>,  the  rubbing  of  the  chalk  will 
show  where  the  Wi»rk  was  in  contact,  and,  b}'  resetting  the  lathe 
and  repeating:  the  pnxess,  a  very  accurate  fit  can  be  obtiained. 

Shafting;  is  usnallv  turned  -.^.  inch  less  than  the  nominal 
diameter.  For  instance,  instead  of  a  shaft  2  inches  in  diameter, 
one  of  1 H  inches  in  diameter  is  useil.  The  reason  is  that  iron  of  a 
nominal  ilianieier  of  '2  inches,  usually  ^.^  inch  over  size,  can  be  used. 
Before  turniuir  a  lenLTih  of  shafting,  the  rough  bar  should  be  care- 
fullv  straisrhiened.  After  the  center  holes  have  been  drilled  and 
the  pie<.e  j^laceil  in  the  lathe,  the  work  can  be  turned  and  tlie 
eeeeniric  portions  marked  w  iih  chalk.  When  tliis  has  been  done, 
the  Iwr  should  l»e  n»nii»vi.Hl  fivm  the  lathe  and  sprung  back  into 
true  aiiirninent.  It  is  well  to  take  two  cuts  for  finishing  shafting, 
one  for  ihc  roi:;^'Li::j:  cut  and  fiie  \ery  tine  finishing  cut.  The 
tiH»l  for  11:0  l.iiu r  pari  of  the  work  shiHiId  l»e  kept  flooded  in  oil, 
or  a  si'luti.-n  *f  >al  >vKla.  If  the  work  is  light,  a  tool-holder, 
carrviiiir  'o-'ili  the  r» ►:!::!. i:^::  a!:d  the  niiishin^j^  toitls,  should  be  used. 
This  iiv.ikcs  ::  ;»  »<>;i»lc  t-^  lio  the  work  in  what  practically  amounts 
to  the  t:!iu'  *'l  *»:.o  vv.t. 

As  a  li  :'.::i.  »f  s'.atiiiii:  i<  likely  t*^  spring  under  the  pressure 
,.♦  ihc  i.'.'l,  >.':r.r  iia::.hv  «•:  i:v\e:it:::ir  such  action  must  he 
.•n.!'lv»\eii.  A  st^ad\  iv^:  vm:;  iv  i:m-v1.  li  is,  however,  incon- 
\c::ivr.:  a:..i  ii.r.s:  iv  ::v.:;:r::;lv  :v..'\f.i  i-r  i:  will  stand  too  far,  at 
liv.-.c-*,  i\.Ki\  tiic  ;■  "'Is.  Fi:r:l>  ttr.'ie,  a-*  ilie  nmgh  bar  will  neither 
Iv  ::ulv  r.^v.v.d  !:  »:  ^I'lACi.tric  with  tiie  centers,  it  is  necessarv  to 
:i;r:  ">;^•:^"  i  r  :ho  ic:.:er  nsi.  This  i»i<ra:ion  takes  consider- 
.i"  .1  ;::..c,  iw":.-  I  •  the  i.u :  ::;.i:  nc:v  1:^:!;:  <.;;ts  must  lie  taken  in 
«*!Aur  :»  .*\» :  I  Mrii.ci'.c  ti  o  Kir.  The  Us:  nicthoil  is  to  Iiave  a 
:i:  .:  :i:uvh^vi  :  \\.v  t.^  l-iiy.der:  the  intenia!  «Iiameier  of  this  ring 
is  u*.i:  v'l  tic  :i:;is:icvi  shaft.     It  is  slip^Hxi  over  the  tail-stuck  cen- 
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ter  and  follows  tho  liniBbing  tool.  It  must,  of  course,  l>t»  rigidly 
fasteiitni  to  the  tool-holder.  In  this  way  the  sliaft  is  supported 
close  to  the  tools;  the  ring  also  serves  as  a  guage  to  measure  the 
diameter  of  the  shaft.  If,  for  any  reason,  the  tools  turn  to  a 
larger  diameter  than  the  inside  of  the  ring,  notice  is  immediately 
served  upon  the  workmen  to  that  effect  by  the  binding  in  the 
rinrr. 

Eccentric  Turning^.  Up  to  this  point,  the  work  described  for 
the  lathe  has  been  of  the  kind  in  which  the  turnincr  is  done  on 
work  concentric  with  the  lathe  centers.  There  are  other  classes 
of  work  that  are  offset  and  for  which  special  provisions  must  be 


Fig.  141. 

made.     Of  course  the  surface  being  turned  must  always  be  con- 
centric with  the  spindle. 

Tlie  turning  of  crank  shafts  presents  conditions  where  there 
are  two  cylindrical  portions,  each  parallel  to  and  concentric  with 
the  lathe  axis  while  being  turned,  but  eccentric  with  regjird  to 
each  other.  In  Fig.  141  such  a  shaft  is  shown.  This  may  be 
either  a  casting  or  a  forging.  If  cast,  it  is  common  to  have  a 
small  web,  shown  at  J,  in  the  original  casting  to  take  the  thrust 
of  the  centers  while  turning  the  shaft  ])ortions  C  and  1).  After 
centering  the  work  at  A  and  J5,  the  shaft  is  ])lac-i-d  in  the  lathe, 
and  the  ends  A  and  M  Sijuarinl  up,  and  surfaces  ('  and  I)  rouo^hed 
out.  If  a  forging  is  being  workini,  it  will  be  necceHsary  to  insert  a 
wooden  block  at  the  point  J.     Two  lugs  or  ears  K  are  provided 
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to  dt  tightly  OD  the  roitgh  turned  Bhaft,  the  distance  from  the 
center  of  L  to  the  cfnter  M  being  equal  to  one-half  the  throw  of 
the  crank.  These  lugs  are  attached  to  the  ends  of  the  shaft,  bo 
that  a  line  joining  the  centers  M  will  pass  through  the  axis  of 
the  crank  pin  G.  Blocks  are  now  placed  between  the  lugs  ami 
the  crank  pin,  the  web  or  block  at  J  removed,  and  the  pin  turned 
ou  the  new  centers  MM.  The  crank  pin 
G  is  roughed  and  finished,  and  the  shoul- 
ders II  and  I  faced,  at  this  time.  Remov- 
ing the  lugg  and  blocks,  the  surfaces  C 
and  D  are  finished  and  the  shoulders  E 
and  F  faced  on  the  centers  A  and  B.  It 
the  shaft  is  of  any  considerable  weight,  it 
should  be  counter-balanced  by  attaching 
weights  to  the  faceplate.  The  reason  for 
not  finishing  the  shaft  at  the  first  opera- 
tion, is  that  removing  the  scale  from  a  casting  or  the  outer  skin 
from  aforging  releases  internal  stresses  which  are  likely  to  change 
the  shape  of  the  piece.  As  a  general  rule,  a  piece  of  work  should 
be  completely  roughed  out,  if  possible,  before  any  finishing  cuts  are 
taken.  The  change  in  shape,  due  to  the  removal  of  the  outer  por- 
tion of  the  stock,  does  not  all  take  place  immediately;  and,  if  very 
accurate  results  are  desired,  it  is  good  practice  to  allow  the  roughed 
work  to  stand  some  time  before  finishing. 


Fig.  142. 


l-iK-  U3. 


Turning  an  Eccentric.  As  far  as  its  use  in  mechanism  is 
concerned,  an  eccentric  is  the  equivalent  of  a  small  crank,  but  it 
requires  very  different  treatment  in  the  lathe.  In  the  first  place, 
it  is  not  usually  made  solid  with  the  shaft,  hut  is  a  comparatively 
thin  casting  or  forging  which  is  fastened  to  the  shaft  by  set 
screws  or   keys.     The  general  shape  is  shown  in  Fig.  142,  and 
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consists  of  the  eccentric  proj^er  and  a  boss  to  reinforce  the  shaft 
liole  ;  this  hoss  usiuiUy  l)eing  on  hut  one  side  of  tlie  casting.  In 
Fi2r.  142,  A  is  the  center  of  the  eccentric  and  B  the  center  of  the 

shaft 

Small  eccentrics,  especially  those  having  a  throw  less  tlian  the 
diameter  of  the  shaft,  may  be  finished  in  the  foUov/ing  manner: 
The  casting  is  gnisi)ed  in  an  indejiendent  chuck,  one  having  four 
jaws  being  preferred,  with  the  boss  or  hub  running  as  nearly  true 


Fig.  144. 


as  possible.  The  projecting  face  of  the  eccentric,  together  with 
tlie  outside  and  face  of  the  hub,  may  be  machined,  and  the  hole 
can  be  trued  up  with  a  boring  tool  or  by  the  use  of  the  chuck  drill 
and  reamer.  In  either  case,  it  is  advisable  to  obtiiin  the  exact 
diameter  by  using  a  finisliing  reamer.  The  eccentric  may  now  l)e 
placed  on  a  special  mandrel,  shown  in  Fig.  143,  which  has  an 
extra  set  of  center  holes.  A  line  connecting  these  holes  is  paral- 
lel tf)  the  axis  of  the  mandrel,  and  at  a  distance  from  it  e(jual  to  one- 
hjilf  the  throw  of  the  eccentric.  It  is  obvious  that  this  mandrel  is 
the  equivalent  of  the  shaft  and  lugs  used  in  turning  solid  crank 
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pins.  On  these  extm  ceiilvrs  the  outside  of  tlie  eccentric  may  be 
tiirneil,  nnd,  uii  ttic  rcgular  ceiitei^,  tlie  back  or  pbthi  fnce  ctiii 
also  be  finiijlie<l.  This  completes  the  eccentiic  as  far  as  .tiie  lathe 
is  concerned. 

LarfTE!  and  heavy  eccentrics  are  preferably  finished  on  a  facfr 
plate.  The  plain  side  oi'  back  having  been  previously  machined, 
the  eccentric  is  clamjied  to  the  faceplate  with  the  hub  running 
true,  shown  dotted  in  Fig.  144,  and  tlie  face  of  tlie  hub  and  tJie 


Hg.  146. 


hole  are  finished  as  in  the  case  of  the  small  eccentric  held  in  tJie 
chuck.  The  diiiraet^r  of  tlie  hole  being  comparatively  large,  a 
reamer  is  not  generally  used.  Tlie  eccentric  is  now  moved  on  thu 
faceplate  a  <listance  equal  to  one-half  the  throw  of  the  eccentric, 
bringing  the  outer  surface  concentric  with  the  lathe  axis,  as  shown 
by  tlie  full  lines,  and  the  clamps  placed  so  as  to  allow  tlie  outside 
to  l)e  turned.  It  is  often  necessary  to  Imliince  the  work  by  conn- 
terweiglits,  in  oiiler  to  have  tlie  hithe  rmi  steadily.  This  is  sho\vn 
at  I>  in  Fig.  144. 


Boring.  The  boring  of  boles  sometimes  calls  for  a  length 
and  stitngth  of  tool  tliat  cannot  he  n-adily  attained  witJi  tlie  ordi- 
nary boring  tool.  A  great  deal  of  such  Ijoring  is  done  with 
ddubli'-hcudcd  tools.  These  tools  are  held  in  bars  and  cut  at 
each  end.     An  onlinary  form  of  such  a  t<)ol  is  shown  in  Fig.  145. 
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The  tool  A  is  turned  and  fitted  so  that  when  i»lin;ed  in  the  l»ir  it 
is  ceiitml  with  the  centers  of  the  latter.  It  is  held  in  jwsition  by 
the  key  B.  It  cata  at  each  end.  Such  a  tool  may  be  made 
to  do  very  rapid  work.  It  ia  extensively  used  for  Iwring  in 
places  where  a  piece  of  work  must  be  duplicated  a  great  number 
of  times. 

Tools  of  this  charHCt«r  are  used  for  finishing.  Aftur  lIiu  cut 
has  been  started  the  tool  should  nut  be  stopped  until  the  cut  lias 
Ijeen  completed.  If  it  is  stopjied  there  will  be  a  ledge  in  tlie  bore 
:it  that  point.  Tlie  reason  for  this  is  due  to  the  springing  of  tlie 
metal  and  the  contraction  due  to  cooling  while  at  rcsL  Tlie  tools 
used  for  finishing  usually  have  a  broad  surface.     Tliose  used  for 


Fig.   H7. 


the  roughing-cut  are  narrower  ;  they  wear  more  raindly  than  the 
finisliing  tools  and  are  usually  adjustable.  A  roughing  tool  may 
be  lield  by  a  wedge  a^  shown  at  B.  Sucli  a  tool  is  placed  in  [nm- 
tion  and  Uie  wedge  tightened  just  enough  to  Iiolil  it.  The  adjust- 
ment of  tlie  tool  ia  then  obUiined  by  tiipping  it  with  the  hiininier. 
It  is  tlien  held  firmly  by  driving  tlie  wcdgp.  An  excelh-nt  exam- 
ple of  this  style  of  work  is  found  in  tlie  [Hiring  of  engine  cylin- 
ders. Special  machines  are  used  for  such  work.  The  greutei 
portion  of  it,  however,  is  done  in  an  oi-dinary  lathe  witli  a  boring 
iHir,  as  shown  in  Fig,  14(i,  It  consists  of  a  lioavy  bar  A,  upon 
which  tliere  ia  a  stiff  ti-aveliug  head  li.  'I'lie  latlcr  ranics  tlio 
tool  (',  which  may  or  may  not  lie  caiiiiblc  of  a  Iransverso  adjnst- 
ment.     Tlie  head  moves  longitudinally  over  the  liar  and  is  held, 
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a/ljij-sUrd  and  fed  by  the  screw  D.  At  one  end  of  the  screw  tLeie 
i-s  a  htar  wheel,  E,  by  wliich  it  i.^  tunied.  As  the  liar  revolveN 
one  ann  htrikes  against  a  stoj>  at  each  revolution.  TTii>  tiints  the 
K^-n^w  by  an  amount  proiK>rtionaI  to  the  number  of  amis  in  ihe 
hUir,  For  example,  if  thene  are  «ix  anns  in  the  sUir,  the  Litter 
will  Ijii  turned  one-sixth  of  a  revolution  for  each  revolutioii  of  tlie 
U>ring  bar.  As  the  sci*ew  turns,  it  moves  the  head  along  the  bar 
by  an  amount  prrjportional  U}  the  pitch  of  its  thread  and  the  rays 
or  arms  in  the  star.  This  forms  the  fee^I  of  the  to<^L  For  exam- 
ple, if  a  star  has  four  arms,  and  is  keyed  to  a  screw  of  eight 
Uirearls  to  the  inch,  then  for  each  revr»lution  of  tlie  bar  the  head 
will  l>e  advanced  ^V  of  an  inch.  Another  form  i»f  Ixiring  bar  is 
sliown  in  P'ig.  147. 

lioring  bars  with  fixed  tools  are  also  used.  In  such  cjises  the 
work  is  caused  to  travel  l>eneatli  the  bar  as  it  is  turned.  A  case 
of  this  kind  fK;curs  in  the  Ixmng  out  of  brasses  for  railroad  cars. 

It  may  l>e  stated  that,  in  general,  all  metal  work  should  be 
finished  in  the  ji^sition  which  it  is  eventually  to  c»ccupy.     This  is 


yit:.  148.  Fig.  149. 


due  U)  its  tendency  to  sj>ring  out  of  shajxj  under  the  influence  of 
its  own  weii^^lit.  For  small  articles  this  influence  is  inappreciable. 
For  large  pieces  it  is  sometimes  quite  apparent 


5CREW   CUTTING. 

Tli(^  tools  used  for  cuttincf  threads  are  called  scTew-^itfino 
fooln.  These  tools  are  used  in  the  lathe  in  the  same  manner  as 
th(j  diamond  j)oint  and  round-nosed  tools.  The  cutting  edge  of 
th(^  tool  must  be  of  th(»  s:im(»  shajx*  as  the  space  l)ctween  the  fin- 
islu'd  threads. 

There  ;ir(*  liv(^  tvi)es  of  screw  tlireads  connnonlv  used  in  this 
country:  the  V  thi-ead,  shown  in   Fig.   148,  has  the  form  of  an 
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eciuilateral  triaDgle  with  an  angle  of  60°.  It  is  sharp  at  the  top 
and  bottom.  Tliis  thread  is  difficult  to  cut  because  of  the  trouble 
experienced  in  keeping  the  point  of  the  tool  sharp. 

A  moditied  form  of  V   thread,  known  as   the   Sellers,   the 
Pranklin  Institute,  or  the  United  States  Standard,  is  shown  in 
Fig.  149.     This  thread  has  an  angle  of  60°,  with  the  top  and  botr 
toni  flattened  for  one-eighth  of  its  depth. 
It  is  stronger  than  the  V-shaped  thread, 
and  permits  greater  accuracy  in  cutting, 

Anotlier  form  in  common  use  is 
the  square  thread.  This  is  shown  in 
Fig.  150.  The  thread  and  space  are 
of  the  same  width.  Tliese  8cre\vs  are 
used  when  heavy  work  is  done,  such  as  in  jack-screws  and  presses. 

Tlie  Whitworth  thread  is  similar  to  the  United  States  Stand- 
ard ;  the  slight  differences  are  as  follows :  the  sides  form  an  angle 
of  55°  instead  of  60°,  and  the  top  and  bottom  are  rounded  instead 
of  flat. 

The  fifth  type,  the  Acme  thread,  is  similar  to  the  square 
form.  The  difference  is  that  the  sides  incline  14^"  from  those  of 
the  square  thread.     This  form  of  thread  is  much  used  for  lathe 


Fig.  150. 


B  C 


Fig.  161. 


Fig.  162. 


lead  screws  and  for  giving  motion  to  sliding  parts  of  fine  instru- 
ments, because  the  thread  is  much  stronger  than  the  square  form, 
and  the  lost  motion  can  be  taken  up  by  simply  closing  the  nut 
halves  nearer  together. 

The  tool  used  for  cutting  square  threads  is  shown  in  Fig, 
151.  It  is  of  the  proper  thickness  at  the  cutting  edi,'e,  lint  is 
Roniewliat  narrower  back  of  this  point.  The  sides  of  the  tool  nm 
inclined  to  the  body,  as  shown  at  A  B,  Fig.  151 ;  the  amount  of 
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this  inclination  varies  with  the  pitch  of  tlie  Uu'eiul  and  tlie  diam- 
eter of  the  piece  on  which  the  thread  is  to  l)e  cut.  To  lind  the 
inclination,  dniw  an  indefinite  straight  line  A  C  and  at  right 
angles  to  it  draw  C  I).  Make  the  length  of  C  I)  equal  to  tlie 
(•ir(!unifei*ence  of  the  thread  to  be  cut,  measured  at  the  rf)ot  of 
the  thread.  On  A  C  lay  oflf  from  C  a  distance  (H  C)  equal  to 
th(;  pitch ;  then  draw  B  D.  This  line  will  represent  the  angle 
of  the  side  of  tlie  thread.  The  angle  of  the  side  of  tlie  cutting 
tool  must  l)e  a  little  greater  for  clearance. 

For    cutting    insidf     threads, 
/^  ^       the  shape  of   the  cutting  edge  of 

tlie  tool  should  be  the  same  Jis  for 
cutting  an  outside  thread,  lait  the 
tool  must  be  made  so  that  the  cut- 
tini»:  eihjfe  alone  touches  the  work. 
This  is  accomplished  by  l)ending 
the  tool  as  shown  in  Fig.  1»*)8  and  giving  it  considerable  clear- 
ance. 

Standard  Screw  Threads.  AVlicn  screw  threads  are  to  be 
cut,  the  pitch  used  deiuMids  ujM)n  the  outside  diameter  of  the  bar. 
A  standanl  has  been  Md()[)t(Ml  liy  all  (»f  the  leading  technical 
societies  of  the  Initcd  States,  \\\n\  is  known  as  the  Tnited  States 
Standanl.  The  tal)le  (see  opposite  l>age)  gives  tht»  outside  di- 
ameti'r  of  the  sei'ew  from  J  inch  to  <>  inches  in  diameter,  with 
the   number  of   threads  ]>ei'  ineli  to  be  cut. 

In  [>laeing  the  tool  for  any  form  of  thread,  the  jMiint  of  tlie 
tool  must  1m!  exactly  level  with  the  center,  and  a  line  at  right 
angles   to    the    axis  of    the    lathe 

must    bisect     the    angle    of    the  ^^  nTTTTTTTTTT^ 

tool  ])oint.      in  ordei'   that   these         ^^  ^'Ix^'^ 

!  .  .    .  <  <^ 

conditions     may    be    tullille(l,    a         ^^  20  \^ 

thread  or  center  gauge.  Fig.  1^4,  ^^    A  /r\  h  I .  I ! '  '  ■  I  i  i  i  M  ■ 

is   used.        In    this   tool,   the   an-  v'vz.  l'>4. 

gles.  A,  1>,  and  ('    are    made   ex- 
actly <»<>  .      The  two  (»p])osite  sides  are  ]>arallel.      The  angle  A  at 
the   end    is   used    for  grin<ling  th«^   tool.      The   sid(\s   of  the   latter 
are  made  to   touch   all    along  the  ulge.      For  setting  the  tool,  the 
up[)cr    parallel  side   is  helil  against    the    tace  of    the   work    in  a 
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horizontal  position.  The  tool  is  then  set  so  that  its  sides  toucli 
along  the  edges  of  the  notch  B.  The  angle  C  is  used  to  gauge 
the  thread  after  it  is  cut. 


UNITED  STATES  STANDARD  SCREW  THREADS. 
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The  measurement  of  fine  threads  is  a  difficult  matter  where 
an  ordinary  rule  is  used  and  the  threads  between  tlie  inch  marks 
are  counted.  For  this 
purpose  a  pitch  gauge, 
Fig.  155,  is  used.  The 
gauges  are  short  screw 
sections  on  thin  sheets  of 
metal.  To  ascertain  the 
pitch  of  any  thread,  set 
the  gauges  over  it  suc- 
cessively until  one  is 
found  that  exactly  fits. 
The    figures     stamped 

thereon  will  give  the  num-  Fig.  166. 

ber  of  threads  per  inch. 

The  cutting  of  a  thread  demands  that  there  shall  he  a  eei-tain 
definite  ratio  of  motion  between  the  rotation  of  the  work  and  tlie 
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tmvel  of  the  carriage.  When  a  right-handed  screw  is  to  be  cut, 
the  carriage  travels  from  right  to  left.  For  example,  if  a  screw 
having  a  pitch  of  i  inch,  or  with  four  threads  to  the  inch,  iis  it  is 
usually  expressed,  is  to  be  cut,  the  spindle  must  make  four  revolu- 
tions while  the  carriage  is  moving  one  inch  along  tlie  bed.  If  the 
scicw  is  to  have  eight  threads  to  thn  inch,  the  spindle  must  make 
eight  revolutions  to  each  inch  of  motion  of  the  carriage  or  tool;  if 
six  threads,  then  six  revolutions  to  the  inch  of  motion,  etc. 

H,  then,  the  lead  sciew  is  cut  with  four  threads  to  the  inch,  it 
is  evident  that  the  speed  of  rotatiim  of  the  spindle  and.  of  the 
screw  must  be  the  same,  in  order  to  cut  a  screw  of  four  threads  to 
the  inch.  For  each  revolution  of  the  lead  screw,  the  carriage 
moves  the  distance  of  the  pitch  of  the  same  or  J  inch.  Hence, 
the  gears,  J  and  L,  Fig.  1)1,  must  have  the  same  number  of  teeth. 
When  a  screw  of  eight  threads  per  inch  is  to  l)e  cut,  the  spindle 
must  make  twice  as  many  icvolutions  as  the  lead  screw.  Then, 
for  each  revolution  of  the  spindle,  the  lead  screw  makes  half  a 
revolution  and  thus  moves  the  carriage  J  inch.  In  tliis  case,  the  ^ 
screw  gear  L  must  have  twice  as  many  teeth  as  the  spindle  gear 
J.  For  six  threads,  the  ratio  of  revolutions  between  spindle  and 
screw  is  IJ  to  1.  This  requires  lA  times  as  man}'  teeth  in  the 
screw  gear  L  as  in  the  spindle  gear  J. 

The  rule  for  tinding  the  gears  to  be  used  on  the  spindle  and 
lead  screw  is ;  Multij)ly  th(^  number  of  threads  on  the  lead  screw 
and  the  number  of  tlireads  to  \)e  cut  bv  the  same  number:  the 
products  will  ecpial  the  numbers  of  teeth  on  the  gears  to  be 
used. 

Suppose  the  lead  screw  has  four  threads  per  inch,  and  ten 
threads  per  inch  aie  lo  be  cut.  Multiply  both  numbers  by  any 
convenient  number,  such  as  3.  Then  the  gears  should  have  12 
teeth  and  oO  teeth. 

Let  a  =  the  number  of  threads  j)er  inch  on  the  lead  screw, 
b  =  the  mimher  of  tiireads  per  inch  to  be  cut, 
c  =  a  (M)nvenicnt  number, 
a  c  =  tlu*  number  of  teeth  of  gear  on  spindle, 
h  <!  n^  the  number  of  teeth  of  gear  on  lead  screw. 

If  the  gears  thus  found  are  not  at  hand,  nudliply  by  some 
other  number.     Thus,  supposi*  gears  of  30  and  12  teeth  were  not 
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available,  multiply  4  and  10  by  4  or  by  5  or  any  otlier  number 
that  would  give  the  numl)er  of  teeth  on  the  gears  at  hand. 

Another  way  to  find  the  gears  is  to  remember  that  the  nmu- 
Ijer  of  threads  to  be  cut  is  to  the  number  on  the  lead  serew  as 
the  numl)er  of  teeth  on  the  screw  gear  is  to  the  number  of  teeth 
on  the  spindle  gear. 

EXAMPLES   FOR   PRACTICE. 

(1)  The  lead  screw  has  a  pitch  of  i  inch.     What  is  the 

ratio  of  geara  to  be  used  to  cut  a  screw  with  9  threads  to  the 

inch  ?     If   one  gear  has  24  teetli,  how  many  should  the  other 

have?  .       (1:  2J 

Ans.  <  . ,         , 
( o4  teeth. 

(2)  The  lead  screw  has  a  pitch  of  i  inch.  What  is  the 
ratio  of  gears  to  be  used  to  cut  a  screw  with  16  threads  to  the 
inch  ?  Ans.  1 :  4. 

(8)  The  lead  screw  has  a  pitch  of  J  inch.  What  is  the 
ratio  of  gears  to  be  used  to  cut  a  screw  with  12  threads  to  the 
inch  ?  Ans.  1 :  4. 

In  these  cases  the  actual  number  of  teeth  on  tlie  gears  to  be 
used  is  obtained  b^  multiplying  tlie  ratio  bj'  some  common 
multiple.  Thus  in  example  1,  multiplying  by  10  gives  40  teeth 
for  the  spindle  gear  and  90  for  the  screw  gear.  In  example  2, 
multiplj-ing  by  20  gives  20  teeth  for  the  spindle  and  80  for  the 
screw  gear ;  and  the  same  result  is  obtained  by  using  the  same 
multiple  for  example  8. 

Every  screw-cutting  lathe  is  provided  with  a  set  of  gears 
from  which  selections  can  be  made.  In  order  to  facilitate  the 
choice  of  tlie  gears  to  be  used,  a  gear  table  is  usually  cast  in 
raised  letters  and  screwed  to  the  front  piece  of  the  headstock. 
This  table  shows  the  gears  to  be  used  for  cutting  such  threads  as 
may  be  enumerated  on  the  table. 

It  is  sometimes  necessary  to  cut  a  screw  for  which  there  are 
no  gears  to  make  a  direct  connection.  This  necessitates  the 
comiKunuling  of  the  gears  Ojp  the  iiilcTmediale  spindh?  to  replace 
the  single  gear.  Tliis  is  done  as  shown  in  Fig  156,  in  wnicli  A 
represents  the  spindle  and  B  the  screw.     Suppose,  with  a  lead 
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screw  having  three  threads  to  the  inch,  it  is  desired  to  cut  h  screvr 
hiiving  thirteen.  This  makes  the  ratio  of  teeth  on  the  s^tinille 
gejii'  to  .those  on  the  screw  us  3  to  13.  Tlie  work  can  be  done 
with  spindle  gcura  having  15,  30,  or  45  teeth  with  screw  gears 
having  65,  130,  tind  195  teetli  respectively.  If  it  is  found  that 
Uiei-e  are  no  geiirs  havuig  15,  45,  130,  or  195  teeth  on  liand,  com- 
pounding must  bo  resorted  to.     To  determine   tlie  geai-s  to  b« 


I 

i    r- -,    \  j    r -•;    \ 

Coinpouiid  Ciear.  Fig.   lf)6.  Shiiplu  Gear. 

used  it  must  !«  rememUTcd  that  f/i*'  /-rofiiiet  of  thr.mimhvnof 
teeth  ill  the  dririii;/  /jnirs  niu»l  l»-  to  the  /•roiiuct  of  the  mwihen 
of  teeth  of  the  'hire,,  //-'.f;-«,  us  the  itiu>,f;-r  of  thr<iuh  per  inch 
o'l  the  lend  sen',r  ,«  to  the  iiuidher  to  he  rut.  In  this  case  it  is 
as  3  to  13.  Miiltiply  each  of  these  lignivs  by  any  convenient 
niultiple.  In  the  exami.lc  in  hand,  let  tJie  multiple  be  200.  Then 
;i  X  I'DO  ^  .1  X  2  X  2  X  2  xr>  X  5 
13  X  2m  13  X  2  X  2  X  2  X  5  X  5' 
Sch'ct  fi-nni  (lie  factius  Ihus  nlitaincd  two  sets,  each  of  which, 
when  multiplied  tnji^ctlici-,  will  tfivc  pn«Iucts  ei^ual  to  tlie  number 
iif  t^-i'tJi  tliiit  are  on  hiind. 
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Thus  ill  tile  numerator  we  may  fcike  3x2x5  hihI  2x2x5, 


giving  30  iiiid  20  iis  gean)  that 
iiiteniiediate    drivers   re- 
sjiectively. 

For  tlie  tlenominator 
take  13  X  5  and  2  X  2  X  5 
X  2  or  ((5  and  40,  for  the 
driven  gears  of  the  inter- 
mediate Btad  and  the  screw 
respectively.  Placing  these 
in  position  as  in  Fig.  157, 
we  have, 


!  to  be  used  iis  the  spitidle  and 


respectively.     What  o 


Gear  A  witli  30  teeth.         \l[':^_  ■iDf^V^T.^^''^-,  S  ^OT 
Gear  C  with  05  teeth. 
Gear  I)  witli  20  teeth. 
Gear  B  with  40  teeth. 
It  i«  desired  to  cut  a 
screw  with  11  tlireads   to 
the  inch  on  a  lathe  having 
a  lead   screw  wJtli  a  pitch 
of  i    inch.     The    gears 
availahle  have  30,  40,  45,  50,  55,  60,  65,  TO,  80,  90,  and  100  teeth 
B  are  to  lie  used  and  where/ 

Spindle  40  teeth 

Intermediate  driven  55  teeth 
Intermediate  driver  50  teeth 
.Screw  100  teeth. 

Many  screw-cutting  lathen  are  not  made  with  an  extension  ni 
the  spintlle  to  receive  the  first  gear,  l)nt  a  short  sluil't  or  stud  ]>ro- 
jeets  fi-oin  the  headstock  for  this  pini«)se.  Tliis  stud  is  geared  to 
tlie  spindle,  and  tlie  ratio  of  tliis  gearing  most  Ix!  cfmsideifd  when 
calculating  the  gears  for  screw-cutting.  For  example,  sn]ij)(ise  we 
wish  to  cut  twelve  threads  per  inch  in  a  liittie  having  a  leaci  strew 
witli  eight  threads  per  inch  and  a  nitiii  of  two  to  one  l>etween  tlie 
spiiidlc  and  the  stud.  In  other  words,  the  stud  runs  hidf  as  fast 
as  the  spindle.  As  we  have  hccu  in  the  previous  exiinti)les,  the 
ratio  between  tlie  spindle  and  the  lead  screw  must  be  12U)ti 


Ans. 
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The  first  gear  is  not  att^iclied  to  the  spindle,  but  to  the  stud, 
wliich  nuikes  six  revolutions  to  twelve  of  the  spindle.  Thei^*foa', 
the  ratio  between  the  stud  and  the  lead  screw,  wheixi  the  geaw 
are  actually  applied,  nuist  be  t)  to  8.  Multiplying  by  6  will  give 
3G  and  48  as  the  number  of  teeth  in  two  geai-s  which  may  be 
used. 

In  general,  the  data  that  must  1x3  given  to  calculate  the 
change  geai*s  for  S(?rew-cutting  are  the  number  of  thi-eads  pev  inch 
to  be  cut  on  the  work,  the  number  of  threads  i)er  inch  on  the 
lead  screw,  and  the  speed  ratio  Ixitw^een  the  spindle  and  the  stud, 
if  a  stud  is  used. 

The  following  examples  may  be  taken  as  applying  to  either 
right-  or  left-hand  tlireads.  The  change  of  direction  in  the  travel 
of  the  carriage  is  obtained  l)y  introducing  an  extm  gear  into  the 
train,  thus  reversing  the  rotiition  of  the  lead  screw. 

The  following  descrij)tion  of  the  method  of  cutting  a  "V" 
thread  w^ill  suilice  to  illustrate  the  cutting  of  any  form,  witli  the 
slight  changes  which  are  necessary  in  the  otlier  fomis  due  to  the 
shai)e  of  the  tool  employed. 

To  cut  an  ordinary  V  thread,  a  V-pointed  tool  having  an 
angle  of  60°,  and  s(;t  so  that  a  line  at  right  angles  to  tlie  lathe 
axis  bisects  the  tool  angle,  and  also  set  exactly  at  the  height  of 
the  center,  is  caused  to  move  at  a  constiint  rate  parallel  to  tlie 
work  surface,  while  the  work  is  being  uniformly  rotated. 

The  rehition  between  the  rotary  motion  of  the  work  and  the 
lateral  movement  of  thc^  tool,  determines  the  pitch  of  the  thread 
l)eing  cut,  and  the  mechanism  connecting  the  work  and  the  tool 
must  be  of  a  ])()sitive  character;  thus  eliminating  transmission  by 
belts  and  other  frictional  devices. 

Owing  to  the  lost  motion  or  ^'l)ack  lash"  in  the  mechanism 
connecting  the  tool  and  the  woik,  the;  tool  cannot  be  returned  to 
the  starting  point  for  a  new  and  deejK^r  cut  by  simply  reversing 
the  lathe.  The  tool  must  l)e  withdrawn,  the  lathe  reversed,  tlie 
tool  returned  to  the  sUirting  point,  and  then  advanced  for  tlie  new 
cut.  To  j)lace  the  tool  for  the  new  cut  with  accuracy,  a  stop  or 
graduated  device  is  })rovid»Ml. 

If  removed  from  the  lathe  for  testing,  care  should  l)e  taken 
in  replacing  the  work  to  get  the  Uiil  of  the  dog  in  the  same  slot 
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in  the  faceplate  that  was  used  to  cut  the  origitiHl  thread;  this 

can  be  ildiie  hy  marking  «ir  otherwise  indicating  it. 

Chasing.     The   onlinary  methoils    of   cutting   screws   have 

alivady  been  described.     Where  great  accuracy  ia  not  necessary. 

the  thi-eitd!«  may  be  chased  by 

band.    A  cliaser,  or  chafing  tool, 

differs    from    the    ordinary 

thread-cutting    tool,  in    tliiit    it 

has  ^  nuiul>er  of  cutting  jK>iiits 

instead  of    but   one.     When    a 

chaser  is  openited  by  a  [lower 

feed,  it  is  customary  to  liave  a 

shaft  r*;volving  at  the  same  rate 

or  at  an   even  multiple  of  tlie 

rate  of  the  latlie  spindle.     Thi.s 

shaft   cairies    a   master   thread 

into  which  a  sectitm  of   a  nut 

dm|>s.     The    handle   connected 

with  the  nut  Ciirries  tlie  chas-  i,j„  j.-j, 

ing  tool.     When  the  nut  is  in 

contrtot,  the  tool  is  cutting.     At  the  end  of  the  cut,  the  tool  is 

lifted  out,  and  with  it  tlie  nut  disengages  witii  the  thread. 

Hand-chasing  reiiuires  a 
great  deal  of  skill  in  order  that 
a  good  piece  of  work  may  1)8 
done.  The  chasing  tool  has  a 
number  of  points  as  sln>wn  in 
Fig.  ].)S.  The  work  must  1m' 
run  npidly  in  the  latiie.  The 
tool  is  held  in  Ixilh  hands,  and 
is  8npi>orted  on  a  rest  siniihti-  to 
that  shown  for  the  hand-turning 
tools  in  Fig.  80.  The  first  left- 
hand  tooth  of  tlie  chaser  is 
brought  lightly  against  the  right- 
hand  edge  of  the  work.     The  handle  is  given  a  quick  twist  from 

left  to  right  throwing  the  teeth  in  the  opposite  direction.     It  is 

well    after   the   first   twist,   to   st-H)  the  lathe    and  examine  tlie 
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work.     If  the   o|ierati»>ii   has   Wen   properly  perfomie<l,  the  cec- 
<nui  triutli    will   lie  foiiiid   to  liave  entered  tbe  gro«>vu    made  by 
the  Jirsl.     A  sliort  Icuptli  of  tliread  ttill  have  been  cut,  the  pitch 
I>eing  the  sium-  iis  thiit  of  the  chaser.     If  this  U  correct,  the  lathe 
niity  again  )x;  startf^il  iinil  the  cliHKer  applied  as  before.     On  tbe 
second  trial  the  thivad  iiaiy  Ix;  run  to  its  full  length.     Tlie  finish- 
ing of  thf  thit'iitl  is  ilone  liy  merely  rei)eating  the  operation.     A 
tine  cut  is  tjiken  with  t-ach  application  of  tlie  chaser  for  the  whole 
length  of  the  tliri-ail  until  the  full  dp|>th  has  Iteen  cut.     In  doing 
tlii»  work,  the  rear  or  right-hand  side  of   the   chaser  should  be 
presae<l  nini-e  liniily  against  the  piece  l>eing  cut  than  tbe  front, 
Ijecaiise  the  threads  with  which  that  portion  of 
{'"V"'-^!'"-.       llie  tiHiI  is  engaged  are  more  deejdy  cut  thanat 
I  I       the  front.     In  adilition  to  cutting,  these  teeth 

I  1       also  guide  the  front.     The  reason  for  running 

;  ;       tlie  lathe  at  a  high  mte  of  speed,  is  that  the 

nioveiiicnt  of  the  chaser  is  less  likely  to  be 
checked  or  thrown  aside  by  seams  ur  inequaU- 
ties  in  the  density  of  the  metal  than  it  xrould 
W'  if  the  lathe  were  to  run  slowly.  Inside 
threading  may  Ite  done  by  means  of  the  inside 
chaser  shown  in  Kig.  l.")9. 

Drilling  in  the  Lathe.    The  lathe  can  also 
U-  iiscil  for  drilling.     When  such  work  is  to 
lie  (lone,  the  drill   may  l)e  held  in  the  spindle 
[,-)„  ],yi  and    the  work    f'irced    np   against   it   hy  tlie 

si'ii'w  of  the  tail  stock:  or  the  work  may  Ite 
ifvolve-l  an.l  the  tlriU  Inrnd  in  l.y  the  tail-stnck  screw.  When 
the  tirst  method  is  followed  the  •hill  may  W  put  into  a  socket 
■iri'lKired  for  it  in  the  spinill-  of  the  lathe,  or  the  drill  may  I<e 
hM  liv  a  drill  ehnrk  as  shown  in  Fig.  I'lO.  This  chuek  may  U 
used  iti  the  tail-sto.'k  to  hi.ld  twist  drills,  or  to  hold  flat  drills 
uliieh  all!  forged  from  round  st<N'k.  Flat  drills  made  from  flat 
siiH'k  are  ccnlcn-d  at  the  rear  end  and  held  against,  and  fe<l  for^ 
wan!  hy.  the  dead  center.  Iti  this  ease,  a  sl.itted  rest  held  in  tbe 
t.iol  |ii.st  prevents  the  drill  from  turning  {see  Fig.  i.O)  and  aids  in 
starling  the  drill  true. 

When  the  drill  is  held  in  the  head  stock,  the  work   may  be 
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fastened  to  the  carriage  and  fed  against  the  drill,  or  it  may  lye  held 
hy  means  of  a  suitahle  device  held  in  the  tsiil  stock.     For  this 

ftp* 

purpose  the  drill  ^md,  shown  in  Fig.  161,  may  be  used,  and  es- 
pecially if  the  work  be  flat.     The  V  center,  shown  in  Fig.  162,  is 


Fig.  101. 

used  when  it  is  desired  to  drill  through  the  axis  of  a  piece  of 
round  stock.  The  shape  of  the  groove  i)revents  the  work  from 
turning  and  the  angle  being  always  in  the  axis  of  the  lathe  deter- 
mines accurately  the  location  of  the  hole. 


> 


Fig.  1(J2. 

THE   DRILL   PRESS. 

This  tool  is  made  in  a  great  variety  of  forms,  according  to 
tlie  class  of  work  it  is  intended  to  perform.  The  form  illustrated 
in  Fig.  163  is  one  of  tlie  stjindard  makes.  The  mechanism  is 
very  simple  and  will  be  briefly  explained. 

The  frame  consists  of  a  strong  column  A,  securely  bolted  to 
a  heavy  base-plate  B.  Power  is  delivered  to  the  machine  by 
means  of  a  belt  running  over  the  cone  pulley  C  The  shaft  uj)()n 
which  this  cone  pulley  tunis,  runs  through  the  casing  I),  where, 
hy  means  of  miter  gearing,  it  drives  the  vertical  drill  si)i]idlc  E. 
It  will  be  seen  that  tliere  are  four  st<^ps  on  the  cone  pulley  i\  thus 
affoiding  a  means  for  securing  as  many  rates  of  revolution  of  the 
drill  spindle.     This,  however,  is  not  sutKcient   to   meet  all    the 
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reiiuirenients  of  the  work  that  can  be  done  \vith  the  tool.  In 
onler  to  increase  tlie  range  of  avaUable  speeds,  a  hack  gear  is  used. 
This  is  shown  at  F.  It  consists  of  a  gear  and  puiion  keyed  to 
tlie  same  shaft.  The  cone  pulley  C  is  loose  on  tlie"  horizonUil 
shaft,  but  may  be  fastened  to  it  by  a  clutch  ojxirated  by  the  lever 
G.  The  inner  end  of  the  cone  pulley  carries  a  pinion  that  meshes 
with  the  gear  F,  while  the  pinion  attached  to  F  meshes  with  the 
gear  H  that  is  keyed  to  the  horizontal  shaft.  Tlie  gear  F  and  its 
pinion  run  loosely  on  a  journal  that  is,  in  turn,  attached  to  an 
eccentric  bearing.  By  turning  the  handle  J,  which  is  attivched  to 
the  eccentric  bearing,  the  gears  may  be  thrown  in  or  out  of  mesh. 
While  the  gears  are  in  mesh,  the  power  passes  from  the  cone 
pulley  to  the*  pinion  attached  to  it,  to  the  gear  F,  to  its  pinion, 
and  tlience  to  the  gear  H,  and  thus  turns  the  shaft.  Under  these 
circumstances  the  shaft  is  turning  much  slower  than  the  cone 
pulley. 

The  feed;  or  downward  motion  of  the  drill  spindle  may  be 
accomplished  by  hand  or  by  power.  At  the  up|)er  end  of  the 
drill  spindle  a  rack  is  cut,  into  which  a  pinion  on  the  same  shaft 
as  the  worm  wheel  I  meshes.  It  is  evident  that,  as  this  wheel 
revolves,  the  spindle  will  be  raised  or  lowered. 

The  weight  of  the  spindle  is  counterbalanced  by  the  weight 
X.  The  worm  wheel  I  is  turned  by  the  worm  K,  which  is 
rotated  by  the  hand  wheel  L.  This  serves  for  a  hand  feed.  For 
a  power  feed,  a  belt  is  made  to  drive  the  cone  wheel  M.  This 
turns  the  bevel  pinion  N,  meshing  with  the  bevel  gear  O,  that  is 
loose  on  the  feed  shaft.  It  is  fastened  to  the  latter  by  means  of 
a  small  clutch  P.  A  quick  return  of  the  spindle  is  accomplished 
by  mea^is  of  the  handle  Q.  Tliis  is  attached  to  the  spindle  by 
means  of  a  yoke  R.  When  tlie  quick  return  is  to  be  used,  the 
wonn  K  is  thrown  out  of  mesh  with  its  wheel  by  turning  the 
handle  S. 

The  table  T  may  be  nused  or  lowered  by  means  of  the  handle 
U ;  this  drives  a  screw  in  the  standard  running  in  a  nut  fastened 
to  the  bracket  V.  When  the  table  has  been  adjusted,  it  may  be 
fastened  by  the  nuts  and  bolts  W  clamping  it  to  the  standanl  A. 
When  large  work  is  to  l)e  drilled,  the  table  may  be  swung  out  of 
ttie  way  and  tbe  work  bolted  to  the  base  plate  B. 
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While  the  drill  press  just  described  may  be  taken  as  rep- 
resenting good  practice  iu  the  smaller  sizes,  a  different  form 
of  construction  is  often  employed  in  larger  tools.  A  drill  press 
of  this  class  is  shown  in  Fig.  164.  Drilling  niacluncry  is  made 
Ixith  horizontal  and  vertical.  A  typical  form  of  the  horizontal 
Viirioty  is  shown  in  Fig.  16S.  Tliese  tools  are  usually  of  heavier 
eoiisti'uction  and  for  a  larger  class  of  work  ttian  the  ordinary 
vertical  drill. 

Drilling  machinery,  both  horizontal  and  vertical,  is  some- 
times provided  with  more  than  one  spindle.  In  small  vertical 
drills  of  this  description,  the  spindles  are  fixed  in  their  relative 


Fig.  165. 

positions  and  are  not  intended  U>  l>e  openited  simultaneously ; 
the  work  is  i>assed  from  one  spindle  to  another.  The  true  niulti- 
spindle  drill  is  for  the  purpose  of  drilling  several  holes  at  one 
time  and  in  any  relative  |X)8ition  within  the  limits  of  adjustment 
of  the  machine.     Such  a  drill  is  shown  in  Fig.  166. 

The  Radial  Drill.  Another  form  of  drill,  known  as  the 
railial,  is  being  extensively  used.     It  is  shown  in  Fig.   167. 

The  drill  spindle  is  carried  on  the  arm  A.  It  is  .so  arranged 
that  it  can  be  set  and  run  at  any  position  on  this  arm.  At  the 
same  time,  the  arm  may  be  swung  aroiuid  and  clanijied  in  any 
vertical  or  horizontal  position  about  the  npriyht  IJ,  Thesti  drills 
are  usually  employed  ou  heavy  work,  where  a  number  of  luiles 
are  to  l»e  drilled. 

In  the  case    dt  the  drill  shown  iu  Fig.  163,  the  work  la 
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ordinarily  light,  and  can  be  rciidily  shifted  so  that  the  position  of 
the  holes  can  be  brought  beneath  the  drill.  In  heavy  work,  such 
as  engine  cylinders,  however,  this  cannot  be  done.  It  is,  there- 
fore, necessary  to  be  able  to  shift  tlie  drill  and  place  it  in  a  posi- 
tion to  do  the  work.     The  radial  drill  affords  the  means  of  doing 


a  rotated 


called  : 


any  ik>si- 
l  In  i  versa  1 


this.     Wlien  the  vertical  spindle  currving  tlif 
in  Uie  vertical  ])luiic,  holes  can  Ite  drillfii,  i 
tion,  hut  also  at  any  angle.     Sufh  a  drill 
Radial. 

The  position  of  the  lioles  is  usnally  laid  out  fm-  the  guidance 
of  Uie   man    at   tlii>   drill.     The  work    in  iK'st  iluiir  as  sliown    in 
The  c-entcr  pnncli  mark,  indicated  hy  A,  Hho«->i  the 


Fig.  168. 
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location  of  tiie  center  of  the  hole.  The  circle  upon  which  the 
prick  punch  marks  BBBB  are  placed,  gives  the  location  of 
the  circumference  of  the  hole.  To  drill  the  hole,  place  the  point 
of  die  drill  in  the  center  punch  mark  A,  and  drill  into  the  metal 
until  the  center  puncli  luark  has  been  slightly  eolai^ed,  as  shown 
by  the  circle  C,  Fig.  168.  Then  raise  the  drill  and  examine  the 
work.     If  the  countersink  or  hole,  whose  circumference  is  indi- 


cated by  the  circle  C,  is  exactly  concentric  witli  the  outer  cii'cle 
HBBB,  then  the  drill  may  be  put  doivn  and  the  hole  drillcd- 

Owing,  however,  to  various  causes,  it  is  not  often  tliut  the 
circle  will  be  concentric.  This  may  l)e  due  to  an  uneven  jrrindiTig 
of  the  drill,  a  distortion  of  the  inetiil  by  the  centi'r  pnni-h,  or  :tn 
eccentric  motion  of  ihe  drill  point,  due  to  a  lack  of  truth  in  Uie 
running  of  the  spindle. 
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When  the  countersink  is  not  concentric^  the  drill  must  be 
drawn  back  to  the  central  position.  The  method  employed  in 
shown  in  Fig.  169.  The  round-nosed  chisel  is  used  to  cut  a 
groove,  E,  down  the  side  of  the  countersink,  on  the  side  that  is 
farthest  from  the  circle  BBBB.  The  depth  of  this  groove  depends 
upon  the  amount  of  eccentricity  of  the  countersink  and  the  depth 
to  which  it  has  been  drilled.  Tlie  diill  is  then  run  down  again 
and  the  groove  drilled  out.  The  action  of  this  groove  is  as 
follows :  as  the  drill  turns,  one  cutting  edge  is  supported,  and  is 
working  into  the  face  C,  Fig.  170.  At  the  same  time  the  cutting 
edge  is  opposite  the  groove  E.     The  drill,  therefore,  springs  into 


•0 


Fig.  168. 


Fig.  169. 


Fig.  170. 


ihe  groove,  as  shown.  The  lip  then  catches  on  the  edge  of  the 
groove  and  cuts  it  away,  making  tlie  hole  elliptical,  and  shifting 
tlie  center  of  the  drill  towartls  its  proper  position.  As  the  drill 
sinks  deeper  both  lips  are  in  contiict  with  the  faces  C  and  D,  and 
it  has  no  further  tendency  to  shift. 

When  the  groove  has  \yeen  drilled  out,  the  drill  must  be  again 
raised,  to  ascertain  whether  or  not  the  countei'sink  is  concentric 
with  the  outer  circle  BBBB.  If  not,  another  groove  must  be  cut, 
and  the  proce.ss  re|Xiated.  If  it  is,  the  hole  may  be  drilled.  The 
prick  punch  marks  BBBB  are  put  on  the  outer  circle  to  indicate 
its  position  in  cjise  of  the  obliteration  of  the  line  itself. 

A  twist  drill  will  usually  clear  its  hole  of  chips.  For  deep 
holes  this  may  not  oc^cur.  It  is  then  necessary  to  wiUidraw  the 
drill  and  clean  out  the  hole.  This  can  he  done  by  a  piece  of  wire 
bent  at  the  end ;  also  by  using  a  "  blowpipe  ^'  made  of  a  small 
tube,  and  bent  to  enter  the  hole,  so  that  the  chips  will  not  blow 
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up  into  the  operator's  face.  Cast  iron  is  more  likely  to  need 
cleaning  than  wrought  iron  or  steel.  Where  flat  drills  are  used, 
it  is  always  necessary  to  clean  the  holes  at  frequent  inteiTals,  as 
they  have  no  tendency  to  raise  the  chips  and  clear  the  holes. 

A  matter  to  receive  due  consideration  is  that  the  work  must 
be  held  rigidly  on  the  table  while  being  drilled.  This  may  be 
done  in  two  ways.  If  the  holes  are  to  be  drilled  with  great 
accuracy,  the  work  must  be  clamped  to  the  table.  This  is  often 
done  by  means  of  straps,  as  shown  in  Fig.  171.  In  tliis  figure,  a 
gland  A  is  shown  clamped  to  the  table  by  the  straps  BB.  One 
end  of  the  strap  rests  upon  the  flange  of  the  gland,  and  the  otlier 
upon  any  convenient  piece  of  metal  C,  of  the  proper  thickness. 
The  bolt  D  is  put  up  through  a  hole  in  the  table  as  close  to  the 


Fig.  171 

work  as  possible.  When  the  nuts  are  screwed  down,  they  then 
put  the  greatest  available  pressure  on  the  work  and  hold  it  fast. 
The  strap  B  is  made  of  flat  iron.  It  has  one  or  nioi*e  holes 
drilled  in  it  to  permit  the  passage  of  bolts. 

Another  method  of  holding  work  in  the  drill  press  is  by 
means  of  a  post.  This  is  shown  in  Fig.  172.  It  consists  of  a 
post  A,  set  loosely  in  one  of  the  holes  in  the  table.  As  tlie  drill 
is  forced  against  the  work,  it  tends  to  turn  the  latter  with  it. 
When  the  work  strikes  the  post,  it  is  stopj^d  and  held  while  the 
ln)le  is  drilled.  '^his  will  not  hold  the  work  perfectly  steady. 
It  allows  the  latter  to  move  with  the  eccentricity  of  the  motion 
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of  the  drill,  but  it  is  in  very  common  use  where  extreme 
accuracy  is  not  essential.  For  example,  where  a  finished  bolt  is 
to  be  used  with  a  driving  fit,  the  work  must  be  securely  fastened 
so  that  the  diameter  of  the  hole  may  be  true.  Where  a  machine 
bolt  made  of  rough  iron  is  to  be  used,  the  hole  is  drilled  -^^  inch 
larger  than  the  normal  size  of  the  bolt.     Here  accuracy  is  not 


Fig.  172. 

« 

even  attempted ;  a  variation  of  ^V  inch  in  the  diameter  of  the 
hole  is  of  no  actcouiit.  Tlierefore,  in  such  cases,  the  work  may 
be  allowed  to  merely  rest  against  the  post. 

This  question  of  holding  the  work  does  not  apply  to  drills 
of  the  nuilti-spindle  class.  It  is  evident  that  tlie  tendency  of 
one  diill  to  rotiite  the  work  is  rountrrarti>(l  hij  the  action  of  another 
drilL  Therefore,  no  holding  devices  ai*e  needed  on  drills  of  moie 
than  one  spindle. 

An  angle  iron,  forming  a  right  angle  with  the  drill  table, 
is  used  in  many  eases  where  the  hole  cannot  be  proi)erly  li>cated 
l)y  tlie  use  of  the  table  alone.  Tlie  clamping  to  the  angle  iron 
mnst  he  verv  risrid  to  resist  the  ])ressui'e  of  the  drilL  A 
tilting  table  is  sometimes  used  so  that  holes  may  be  drilled 
at  any  ix»qnired  angle.  At  least  oiu^  manufacturer  is  putting 
on  tlie  market  a  horizont^il  drillin<>:  machine  which  can  drill  five 
sides  of  a  cube  at  any  angle  with  hnt  one  setting  of  the  W(uk. 

Diilling  machines  ma}'  also  be  used  for   ta[)ping.     This  re 
(piires  a  reversing  devicii  for  backing  ont  the  tap.     The  baeking- 
ont  is  doiu^  at  a  much  higher  speed  than  the  tiipping.     Tlie  tapis 
held  in  a  friction  hetid  tliat  will  slip  when  the  tap  strikes  the  hot- 


13S^ 


MACHIXE   SHOP   WORK.  121 


torn  of  the  hole.  The  use  of  collapsing  taps,  esixjcially  on  diam- 
eters of  one  inch  and  over,  renders  the  baeking-out  unnecessary 
and  quickens  the  oj)eration.  Studs  may  l)e  sot  l)y  the  same  de- 
vice, so  that  cylinder  flanges  may  1)0  drilkMl,  t{ij)ped,  and  the 
studs  set  without  removing  tlie  work  from  the  drill.  Duplicate 
drilling  by  means  of  jigs  will  1x3  considered  later, 

THE  PLANER. 

Next  to  the  lathe,  the  planer  is  the  most  im2)ortant  tool  in 
tlie  machine  shop.  As  the  name  indicates,  it  is  used  for  finish- 
ing flat  surfaces.  In  the  ordinary  planer,  the  work  is  moved  and 
the  tool  is  at  rest.  A  common  form  of  this  tool  is  shown  in  Fig. 
173.  It  consists  of  a  Ixid  A  upon  the  upper  surface  of  which 
suitable  guides  or  ways  ai*e  planed.  The  platen  B  is  made  to 
travel  back  and  forth  uiK)n  these  ways.  The  platen  has  a  rack 
(»n  its  under  surface  into  which  the  gear  C  meslies.  This  gear 
is  driven  by  a  train  of  gears  from  the  shaft  cariying  the  pulley 
I).  The  tool  is  carried  on  the  tool-head  E,  wheie  it  can  be  given 
a  slight  vertical  motion  or  feed.  Tliis  tool-head  may  be  fed 
across  the  machine  by  the  screw  in  the  cross-mil  F.  The  latter 
may  l>e  raised  and  loweivd  by  the  shaft  and  gtniring  shown  at  the 
top.  This  gearing  turns  two  vertical  screws  running  in  nuts 
attached   to   the   cross-rail. 

The  recipr(K*ating  motion  of  the  platen  is  obtiiined  as  follows: 
the  pulleys  D  and  G  are  driven  in  opposite  direction  by  belts. 
Either  one  may  be  connected  to  the  shaft  on  which  they  turn  by 
a  clutch  which  is  oj)erated  by  the  bell  crank  h»ver  J.  On  the 
p'aten  there  are  two  adjustable  dogs  II II.  These  are  set  so  that, 
when  the  work  has  just  cleared  the  tool  in  either  direction,  one 
of  them  will  strike  against  the  upper  end  of  the  lever  I.  In  the 
illufitration,  if  the  platen  is  moving  in  toward  the  right-hand  dog, 
II  will  have  struck  the  levtT.  As  the  platen  continues  to  move, 
the  lever  I  is  carritnl  to  the  right  and  the  clutch  connection 
fastenimr  the  forward  pulley  to  the  shaft  brokiMi  and  that  of  the 
return  made.  The  motion  is  tlien  reversed  and  continues  until 
the  l4»ft-hand  dog  strikes  the  lever  1  and  again  changes  the  motion. 

Ordinarily  the  tool  cuts  only  when  the  platen  is  moving 
toward  the  right  Fig.  173.     As  a  result  of  this  condition,    the 


133 


122  MACHINE  SHOP  WOBK. 

platen  is  made  to  movB  more  rapidly  in  the  direction  of  the 
arrow  than  in  the  leverse.  This  is  accompUshed  by  varying  the 
speeds  of  the  pulleys  D  and  G,  The  usual  ratio  of  the  speeds 
of  these  pulleys  is  from  1  to  2,  to  1  to  6. 

The  feed  of  the  tool  is  accomplished  by  a  frictaoD  clutch 
driving  the  vertical  rack  K.     This  acts  only  at  a  point  near  the 


end  of  the  tnivel  of  the  platen.     It  is  so  arranged   that  any 
vertical  or  horiz<tntjd  feed  may  be  given  to  the  tool. 

Planers  are  made  in  a  great  variety  of  sizes  and  styles. 
Very  freqneatly  there  are  three  driving  pulleys  placed  side  by 
tiide  on  the  same  shaft,  the  central  oae  of  the  three  keyed  to  tbs 
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shaft.     The  reversal  of  the  motion  of  the  platen  is  obtained  by 
shifting  one  or  the  other  of  the  belts  onto  the  central  pulley. 

Planer  Tools.  The  tools  that  are  used  upon  planers  do  not 
differ  essentially  from  those  described  for  lathe  work.  The  same 
rule  applies  regarding  the  holding  of  the  tool.  It  should  project 
as   short  a  distance  as  possible  beyond   the   point   of   support 


Fig.  174. 


When  there  is  an  excessive  projection,  care  should  be  taken  that 
the  tool  is  so  set  that  it  will  not  spring  into  the  work.  On  the 
lathe  this  can  be  prevented  by  setting  the  point  of  the  tool  on  a 
line  with  the.  center.  In  Fig.  174  the  tool  tends  to  spring  and 
turn  about  the  point  A  as  a  center.  The  dotted  line  at  the  point 
shows  how  this  tends  to  throw  it  into 
the  work.  The  same  thing  is  shown  in 
the  planer  tool  in  Fig.  175.  This  ten- 
dency can  be  overcome  by  forging  the 
tool  so  that  the  cutting  point  is  be-  ^ 
hind  a  perpendicular  from  the  point  of 
support,  as  shown  by  the  dotted  lines  in 
Fig.  175.  In  the  latter  case  the  spring 
of  the  tool  tends  to  take  it  out  of  the 
work. 

Holding  the  Work.  The  work  is 
usually  held  on  the  planer  by  clamping 
it  down  with  straps  in  a  manner  similar 
to  that  shown  in  Fig.  171.  Where  the 
whole  upper  surface  is  to  be  planed  over, 

holes  are  sometimes  drilled  m  the  sides,  into  which  tlie  rounded 
ends  of  straps  are  set 
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It  is  impossible  to  give  more  thaa  geseral  directioDS  for 
claiii])iiig  ^vork  on  it  pl.iiier.  A  great  variety  of  blocking,  clampti 
aiid  boltij  miii>t  \k  used;  hucIi  attachments  being  suited  to  the 
work  ill  hand,  and  reqniiiiig  an  outlay  of  money  wliich  tjeems  to 
bo  out  of  jiru[X)rtioii    to  the   appearance  of   the   collection.     It 


Tig.  17a. 

should  be  sufficient  to  say  tliat  the  work  mu8t  be  carefully  set, 
strongly  claniiwd  and  braced  to  prevent  movement  by  the  tool; 
the  clamping  should  not  distort  the  work.  As  all  castings  and 
forgings  clmnge  tlielr  sliai>e  when  the  surface  is  removed,  it  is  con- 
siileiTjd  goml  iiractice  to  i-elcase  tlie  chimjo  before  tlie  fiiushing 


cut,  in  onlfT  tlmt  the  piece  may  assume  its  final  shiijie,  and  tlifU 
ivciiimp  it  withiiut  distortion. 

Angle  irons  or  knees,  as  shown   in   Fig.   l"li,  maybe   con- 
sidered its  an  uuxiliaiy  tabic  with  u  surface  at  right  angles  to  tiiu 
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main  table.  Many  useful  applications  of  tlieso  holding  devices 
wrill  suggest  Uiemselves. 

Anotlier  method  of  holding  wnrk  is  by  using  a  vise  such  an 
is  shown  in  Fig.  177.  The  body  is  bolted  to  tlie  pliitcu  and  tlie 
work  is  lield  between  the  jaws. 

Planer  centers,  as  illustrated  in.  Fig.  178,  are  very  useful  in 
machining  i>art^  where  nccuiiite  circular  wpacing  is  desired,  or 
where  projicting  lugs  prevent  turning  in  tin:  lathe. 


The  Plate  Planer.  A  special  form  of  planer  extorisively 
used  in  boiler  shops  and  shipyards  is  the  plat*;  ]>laucr.  Fig.  179. 
Jt  is  used  for  planing  tJie  etiges  of  long  jjlates.  The  plate  is 
securely  fastened  between  the  clanips  A  and  tho  bed  K.  The 
tool  is  held  in  tlie  carriage  C,  which  is  moved  ti>  and  fro  by  the 
screw  D,  The  screw  is  driven  by  the  gear  H,  that  nicshos  with  a 
pinion  keyed  on  the  shaft  to  which  the  motor  is  geared.  Hie 
reversal  of  motion  is  obtained  by  shifting  the  chitcli  K.  The 
tJtp^tets  M  for  moving  the  shifting  gt-ar  are  ujion  the  shaft  I. 
The;  are  struck  as  the  carriage  appmachi's  the  i-iul  of  its  stmkc. 
ITulike  the  ordinary  machine  shoj)  plani'i-,  the  plate  planer  has  nn 
(piick  return  stroke,  but  has  a  tilting  tool  wliich  allows  sti>i-!t  to 
be  removed  when  moving  in  either  dii-ection.  Devices  of  this 
chamctcr  have  often  been  tried  oli  regular  mcfcil  iilanci-s,  but  seem 
to  l>e  satisfactory  only  when  the  whole  face  of  the  work  can  Iio 
coverod  Kt  a  single  stroke  of  the  tool. 
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THE   SHAPER. 


For  light  work  the  shuper  or  shajMiig  planer,  Fig.  180,  is  ex- 
tensively used.  It  possesses  the  advanti^  of  rapidity  of  action. 
In  tliia  machine,  as  in  the  plate  planer,  the  tool  moves  while  the 


work  is  at  rest.  A  suitable  mechanism  causes  the  ram  A  to  Timvb 
to  and  fro.  When  moving  toward  the  left,  the  tool  U  ciittiii!^'. 
As  in  the  ordinary  planer,  the  cutting  speed  is  less  than  the 
letnm. 


MA'  h:ne  >H':"P  work. 
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ii-thiKl  of  ohtiiiiiiiig  the 


Tl)!^  lio]i/..ril:.l  U::\  is  Ml.luiii.'il  l,v  iiioviTljJ  the  fcible  B  sjile- 
wisi'.  Ill  si.:m.'  slii([»T^  ii  c-;ni  a'sn  U;  ijinvcd  vertically  to  feed  tn 
or  fn.iji  iIm:  t..nl;  ill  i>ilj<..s  ill,.  li<iri/niit;il  fwd  is  (.btjiiiied  liy 
cuu.siu^'  llii'  tnni  wiili  ilif  ri'<i[iriir;iiiii;,'  jia'ts  to  imive  sidewise, 

'I'll,,  slyl..  .>f  iiimtliitM'  sliowii  iit  l-i-.  180  is  called  Hie  pillar 
hIih])!'!',  I>iit  w\n;Ti:  tiiu  iiHii  itild  ruiu  iiiovo  sidewi»e  it  is  called  the 
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traverse  shaper;  see  Fig.  181.  The  character  of  the  work  done 
on  the  shaper  and  the  planer  is  Identical,  hut  us  a  rule,  the  slia]*er 
is  used  for  the  smaller  and  more  delicate  parts  which  could  not  be 
haudled  quickly  on  tlie  planer.  The  shaper  has  the  additional 
advantag'e  of  a  change  of  S[jeed  which  allows  small  pieces,  espe- 
cially of  the  soiu:r  metals,  to  be  machined  at  a  maximum  rate. 


.Slotter.     Another  maciiiiie  tu 
monly  as  its  many  good  qualilics 
Blotter,  Fig.  182.     It  is,  in  reality, 
vertically  instead   of   hori/ontally. 
heavy  pieces,  and  especially  in  ])Iii(-c 


1  which  is  not  used  as  com- 

(lulil  sL'Ciii  to  wan-iiiit  is  the 

sliii])fr  with  the  tool  nioviiifj 

It  is   used  for  wfirking  on 

where  an  irifj:;uliir  contour 


is  to  be  formed.     The  thrust  on  the  tool  is  vertical,  and  it  must 
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be  very  stiff.  The  woik  done  frequently  partakes  of  the  nature 
of  the  fonniiig  of  the  inside  of  the  hole  where  the  tool  must  pro- 
ject the  whole  length  of  the  cut  below  Uie  bottom  of  tlie  head. 

Such  a  case  is  that  of  the  slotting  of  loconiotive 
fniines.  The  best  type  of  tool  for  such  a  class  of 
work  is  a  stmng  bar,  as  shown  in  Fig.  183.  The 
bar  is  held  in  the  head  of  the  tool  just  as  an}-  tool 
would  be.  Near  tlie  lower  end  it  carries  the  cut- 
ting tool,  which  may  be  fastened  by  a  set-screw  or 
wedge.  Such  a  tool  should  always  bo  used  when 
it  is  iK)ssil)le.  It  has  the  advantage  of  being  stiffer 
and  less  likely  to  spring  than  a  forged  tool. 

The  tool  used  in  a  slotting  machine  differs 
from  that  used  in  tlie  lathe  or  planer  in  tliat 
the  iliivction  of  tlie  cutting  motion  is  different 
Fig.  184  illustrates  a  slotting  tool  tt^  be  used  for 
doing  suth  work  as  the  cutting  of  key  ways  in  the 
hubs  of  pulleys.  It  will  be  seen  that  if  the  tool 
— -  I      jy  moved  in  the  direction  of  the  arrow^  the  face  B 

^"^^    •'^  "■  '        Ixvoines    the  one   sigainst   which    the   chip    bears. 

It,  tiicrcfoiv,  cori-csjKUids  to  the  top  of  tlie  lathe 
tool.  The  shariHM*  the  sloi)e  given  to  the  face  B« 
tli»'  keener  the  ed^e,  just  as  inci-easing  the  rake  of 
tlie  latlie  tool  increases  its  sharpness.  The  face  A 
must  also  l>e  eui   away  as  iniUcated.     This   corres|x»nd8  to  the 


Fii:.  is;l. 


Vi-    1S4. 


Fi?.  186. 


eliaranee   t»f    tlie   lallie  t»r   planer    to«>l.      It  is    ijuite   jKissible,  at 
times,  it»  give  ihest'  tiH»ls  a  lai>;er  amount  of  rake.     Such  a  form 
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Is  shown  in  Ficr.  l^->.  Tiie  shape  of  this  tf>ol  is  such  that  it  is 
ven"  stronj^  in  the  direction  of  the  thrust,  besides  having  a  keen 
cutting  edge. 


^  AO 


•  •  •  k. 


V  -RX 


^^TO...  r^pvox  AND 
»:-0£NKO'.r.NDAriON.. 
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PART  III. 


THE  MILLINQ  MACHINE. 

The  ()[)eration  known  as  milling  differs  so  radically  from  the 
removal  of  metal  by  methods  previously  described,  that  it  merits 
much  more  careful  and  lengthy  discussion  than  has  been  devoted 
to  the  other  methods.  Due,  also,  to  its  increasing  importance  and 
•general  use,  it  calls  for  a  somewhat  extended  discussion.  While 
iiiilling  is  coming  rapidly  into  favor  as  a  means  of  doing  work 
which  has  formerly  been  done  on  the  shaper  and  planer,  it  does 
not  follow  that  the  shaper  and  planer  are  to  be  entirely  abandoned. 
There  has  been  a  tendency  during  the  past  few  years  to  belittle 
the  planer  and  shaper  in  favor  of  the  milling  machine.  This  ten- 
dency is  not  warranted  even  by  the  rapid  and  economical  method 
of  milling.  There  is  a  large  class  of  work  which  can  be  done 
accurately  only  by  means  of  a  single-pointed  tool  such  as  is  used 
in  the  ])lHner  and  shaj)er. 

The  fundamental  difference  between  planing  and  milling  lies 
in  the  character  of  the  tool  employed.  The  planer  uses  a  fixed 
feingle-jK)inted  tool  with  a  rec'iprocating  motion  either  of  the  tool 
or  the  work,  while  milling  is  performed  by  the  use  of  a  rotary 
tool  with  several  cutting  points,  of  which  the  circular  saw  is  a 
familiar  example.  This  rotary  multiple  cutter  is  the  basis  of  all 
milling  ojHjrations,  and,  as  the  saw  may  be  taken  as  a  good  exani|)le 
of  such  a  cutter,  so  the  work  done  by  the  circular  saw  in  cutting 
metal  may  be  said  to  be  an  example  of  milling.  Tiu^  ordinary 
milling  cutter  is  nothing  more  than  a  saw  in  wliich  the  contour 
of  the  cutting  blades  is  made  to  suit  the  work  in  hand. 

Circular  saws  for  use  upon  metal  have  been,  an<l  still  are, 
often  mounted  in  a  hand  lathe.  Fig.  IS^).  The  saw  is  held  on  an 
arbor  Ijetween  centers,  and  the  work  ])lace(l  on  a  table  rest,  which 
takes  the  place  of  the  f-rest  used  in  ordinary  haiid  turning".  Here 
is  an  example  of  milling  in  its  most  primitive  form;  the  work 
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Iwiiig  fell  to  the  eaw  by  liaiid.  with  no  giiidfs  ur  |Kiaitive  iiuive. 
iiieiits.  It  was  an  easy  matter  tu  iirovido  gnides  on  the  table  rest 
for  the  work,  and  tlin  next  real  important  step  waa  to  use  an  engine 
lathe  in  placo  of  th»  hajid  lathe.  Here  I  he  saw  was  mounttdgi 
bufore,  the  work  clamped  to  the  carriage  by  suitable  tixtiires  and 
fed  jMisitively  to  the  saw,  both  as  to  din-etion  and  atiioiint. 

It  WH9  but  a  step  to  make  a.  saw  wide  euou^h  to  eover  a  ma- 
sidttruble  surface,  or  to  have  a  ihiek  saw  with  a  miitably  foniitii 
cutting  e<lge.      Seveiul  saws  of  different  g  ha  pee  and   sizes  can  W 


r 


1 


niOUIilnl  iu  »  >:i°^  tMi  an  ari-ur  »wl  |ierf>inu  u|H^nili<iDS  wtlk-li  It 
wonM  Ik-  lunl  Iu  dn|(lk»I«  om  xhe  cJufier  or  planer.  Ev«d  in 
tbp  iifv^mt  ai^-  of  sprrul  matkinos  fur  uilling.  «  gnmt  dnal  of 
mwi  ttf  tbts  c^Muactvr  is  sbll  [wrfrotd  ia  the  imgtae  latlw  by 

It  is*Tiiir«t  iWt  oNciol  ife>  fimi  advuta^  of  tuilling  i 

tW  ««u»ty  vt  rJBKt  J»|Jiwtii.  a  fattw  of  {triiw  " • — ' 

in  tW  m*»iafi««»w  •* ia>imhi«eiiaM'  "»*- 

1>T  «\Mr»«%.  ii  was  Mt  te  WM|OTft(4  tkal  sadi  aa  ituportut 
vyi^tftw  J>»  Milliiw  omU  W  a«msM4  loaMaAint- Cb?  ibr  Uihe. 

.\k*nW  tw«  •«**»  Wa  «riawwiy  far  ■iffiag  1 
WM4K.4  limia  aiiaW,  ffV  l>T     "    " 


tuilling  ia  a 
mportwidn 


hBUtmAmmitta  rtadk' 


It  «i]aallT 

nutfm 

J 
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lutli.-.  wiili  ineaiis  for  rotiitJog  llie  LMittfi'  arbor,  wlik'ii  is  carried 
'iirectly  by  tbe  bead  sti»i-k  apiiidle.  and  steadied  and  pn[i|)orted  by 
tin-  titil  aUjck.     Tberc  Is  hIso  jirovidi^d  a  lable  ii[M»n  wliidi  tbe  work 

I  lit"  fastonH  yitlier  diructly,  or  by  mrans  ttf  a  visi-.  and  an  auto. 

itiir  fiHH]  Hcriisa  Ihi-  iimdiiuf-  jtt  rii^lit  uiwl.-s  ic.  uini  Ih'Iiiw.  thf 


Fig.  187. 

Intter  nrtxir.     This  is  simply  tbe  niilliii^  altm-bment  in  tbe  Intlie 
isferrcd  to  a  uiachine  desigiiwl  to  do  nothirif^  but  inillinf^. 
Tlio  rli-nieritary  sutlers  desii^ned  to  be  used  on  tbla  type  of 
K'bine  are  of  tbf  foriu  ftlrea<iy  deacnlwd,  viz.:  of  tbe  saw  type. 
H  tbe  types  of  cutters  nseii  determines,  in  a  iarj^e  intsasure, 
desif^n  of  ibe  machines  tbeniBetvea,  it  will  be  belter  at  tlila 
>int  to  Ittkii  up  a  description  of  some  of  tbe  dilTerent  cutlers,  in 
b'r  that  the  adaptation  of  ibe  inaehine  tu  tbe  ciittvr  may  be 
irly  isoeu. 


JO. 


Scn*w  slotting  cutters.  Fig,  isS.  and  lilitling  saws,  Fi-r.  isil, 
are  iiii)ciiti<»l  with  tlit-  »tw3  wliicL,  we  have  alrewly  seen,  werf 
eni[ili)yed  iu  the  Uthe.  Tbe  true  milling  eiilter.  Fig.  I'.HI,  bass 
face  iiiiK'li   wilier  in  jiro]»ortion  to  its  diameter  tlian  the  miiinion 


therefore  in  milling  eutters  designed  fur  roughing,  it  U  eiietoiiiary 
to  nick  thi'  teeth,  seii  Fig.  101,  in  eiicli  a  way  that  llm  sjuvce  left 
liy  one  tooth  may  lie  taken  out  by  the  following  tooth.  This  makes 
the  flitting  easier.  A  plain  eutter  of  any  considerable  length  will 
not  make  a  amooth  eurfaee  liecause  of  the  varying  pressure  of  thf 
t-ntter,  as  one  tooth  after  another  leaves  the  work.  To  avoid  this 
Bpringiiig  tendency,  cutters  are  made  with  spiral  teeth,  p'ig.  iy3, 
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t-itlier  rii^lit  or  left  liaiid,  so  tluit  tlicri'  is  priirticiillya  uiiifonu  dia- 
tritmlujii  of  prtissiire  nt  all  ]>uii]ls  <Jiiriiiir  the  cut. 

When  it  is  dt^siretl  tu  iiiitl  the  side  of  a  piece.  It  ia  nM'easary 
that  there  ahoiiM  be  teeth  on  the  sido  of  the  cutter.  Such  cutters 
are  iti^ually  made  comparatively  narrow  and  with  teeth  on  lx>th 
sides,   as   shown    in    Fig.    Ill;i.     These   side  milling  cutters  are 


Ftg.  192. 


Fig.  193. 


tiBiiatly  sold  in  pairs,  as  they  can  1k'  mounted  t»»f);etlier  ana  thus 
mill  off  both  sides  of  a  i)iece  of  work,  simihu-  to  a  holt  head,  and 
are,  therefore,  called  heading  or  straddle  mills. 

If  two  cutters  of  the  same  diameter 
are  mounted  together,  it  is  ditlicult  to 
mill  a  surface  which  will  not  phow  the 
I  oint  of  sep.iration  of  the  cutters.  Tins 
can  lie  avoided  by  making  the  ends  of 
the  cutters,  where  ibey  come  together, 
of  such  a  sha)>e  that  they  interlock  one 
with  the  c*'ier.  This  feature  of  inter- 
locking, seft  ¥ia.  11)4.  is  esj>ecially  vahi- 
ahle  when  trutting  slots  which  must  lie 
ol  a  definite  width.  An  ordinary  cutter 
will  wear  away  l>y  use,  or  by  grinding, 
and  thus  lose  its  correct  size.  The  thick- 
ness of  interlocking  cutters  can  be  main- 
tained by  means  of  very  thin  washers,  ar 
of  the  cutters,  will  not  show  tlnit  any  s[. 

Cutters  may  be  inoiiTited 
bioatiou,  a  typical  ono  bein;r 


FIr.  194. 

l.duc  to  ibe  interlocking 
let-  exists   between  them. 

ganf^s  of  great  variety  and  com. 

wn  in   Fig.  1115.     These  cutters 
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may  ii*;  of  any  di'sired  funn.  and  can  l>e  made  to  produce  a  variety 
of  sba[K'B.     The  soL-Hlle<t  anf;li?  cutters,  Hg.  1W\  are  einploy««l  ioJ 
tbe  maiiiiFactitre  of  cnttt^rs,  and.  wLt^u  making  spiral  cutters,  iunat| 
have  an  anwle  on  hoili  sidi-s,     Tbe  custoiiiary  angle  in  siicli  ■ 
Ijeiii"  40   on  onu  side  arnl  I'J    on   tbe  oilier.     The  tilber   common^ 


k 


single  angle  cutters  vary  from  40'  to  **0  ,  either  right  or  left  haiK 
Double  angle  cuttera  can  be  had  with  either  45",  00°,  or  W,  ilj 
ulmied  angle. 

I  We  have  considered  Up  to  the  preBenl  liine,  only  snch  cutte 

las  are  made  from  a  single  piwe  of  steel.  In  large  cutters.  boKi| 
-«ver,  the  coat  of  the  steel  liecomea  an  important  item,  and  there  K 
danger  of  losing  a  large  aniounl  of  labor  through  awidenU  I 
hardening.  To  make  a  cheap  si-rviceable  cutter  of  large  aiiw,  it  1^ 
cuBtoniary  to  use  a  cast-iron  botly  with  inserted  steel  teeth.     Tlielj 


;mm 


>'  i  li 
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are  several  dilFereiit  iiiechode  of  holding  these  teeth.  I'siially, 
when  the  inserted  tooth  ia  in  the  form  of  a  blade,  they  are  held  by 
tajjer  pins  or  screws,  Fig.  107,  These  blades  are  rene«-able.  the 
cast-iron  body  Ijeing  nsed  many  times.  A  cheaper,  f)ennaiient  cut- 
ter  can  be  made  by  casting  the  body  around  the  leetli,  thus  Risking 
a  very  rigid  support  for  the  blades. 

Another   form   of   Inserted-tooth   cutter  consists  of   round 
hardened  elfsel  pins  driven  into  boles  in  a  c«at-iron  liody.     This 


Fig.  la'J. 


etiller  is  also  ]>erinanent  in  form.  Fig.  11J8,  as  broken  tit-lb  i-an- 
Hot  lie  replaced,  and,  when  the  teeth  are  worn  almost  down  to 
l^e  IkhIv,  the  whole  cutter  is  ihrown  away. 

Drief  Tiieiilion  b^^  bi'cn  mui]<'  of  f  ntt.TB  to  generate  irregular 
contours.       I  hi--i    i  I'.i  iikJ  cutters,  and,  t-xeept 


!n  shapes,  such  as  quarter  and  !i)ilf  rounds,  are  not  carried 

stock,  but  are  made  only  to  order.     There  is  such  a  large  variety 

if  forms  for  which  such  cutters  may  be  used,  that  it  is  impossible 

to  give  more  than  a  typical  example.     The  form  shown,  Fig.  I'M), 

consists  in   reality  of  several  cutttirs,  some  of  them  of  ordinary 
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I  !-iws.  witli  ollnTH  of  K|Kfi;il  fornia,  tlio  whole  iii«kinp;»- 

11^  lilt'  siitiiiliiril  t^liajK's  of  fornxil  cutters  are  some  whicb 

irriol  ill  sl(H'k  for  |iri>(liiciii^  certain  tools  whicli  require 

ifliriite   Vft    jN-euliar   fortii.       AiiKin^   these    may  bu 
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im-ntioiied  fiittere  for  fluting  taps,  reaiiierB.  and  twist  drills,  cnt- 
ters  for  sprocket  and  gear  teeth,  and  cutters,  knoun  as  hobs,  for 
the  production  of  worm  gears.     See  Fig.  200. 

End  Mills.  AU  the  cutters  thus  far  mentioned  are  provided 
with  central  holes,  and  are  intended  to  be  mounted  on  an  arbor 
which  is  carried  by  the  spindle  and  supported  in  some  suitable 
manner  at  the  outboard  end.  There  is  an  entirely  different  class 
of  cutters,  however,  which  are  supported  by  the  spindle  only,  and 
are  provided  with  teeth  on  the  end  of  the  cutter.     These  &tv  known 


Pi([.  199. 
afi  end   mills.     They  are  made  in  a  great  variety  of  shapes  and 
Biz«'S.   tlif  ordinary  end   mill.   Fig.   BOX,   l>eing  cylindrical,  with 
either  a  riglit  or  left-hand  spiral. 

A  special  form  of  end  mill  for  making  X-sIotH  is  called  the 
X-sl«t  cutter,  and  is,  in  reality,  a  small  side  milling  cutter  carrier! 
by  11  small  central  stnd,  see  Fig.  202.     Dovetiiil  cutters,  and  cut- 


terti  of  various  angles  for  making  nitclietw.  iirc  merely  viiriatiims  of 
the  end  mill. 

When  end  mills  are  made  ()f  large  size,  they  can  t)e  furnished 
wiili  inserted  teeth  similar  to  those  UMcd  (ui  <'UtterH  for  the  arlwir. 
See  Fig.  208.  The  heaviest  end  mills  for  the  milling  mnchinc 
an-  sometimes  made  as  large  as  fifteen  tu  twenty  inches  in  diam- 
eter, the  cast-iron  body  being  screweil  directly  on  the  nose  of  the 
spindle,  making  a  very  powerful  and  fast-cutting  KmiI. 

Tbe  plain  milling  cutter  is  mounted  on  an  arbor  in  a  way 
very  similar  to  that  in  which  its  prototyjie,  the  circular  saw,  was 
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mounted.  F^or  use  in  the  lathe,  this  is  usually  centered  at  both 
ends  and  driven  by  a  dog.  AVhen  used  in  a  regular  milling 
machine,  the  arbor.  Fig.  204.  is  fitted  with  a  heavy  taper  shank 


Fiir.  2()2. 


with  a  tonfiTue  at  the  end  for  drivintr,  and  washers  of  varying 
thickness,  so  tluit  cntttM's  of  diti'riH'nt  widths  niav  be  use<l  on  the 
arbor,  and,   to   suit    the    position   of  tlie  work,    in    different   |X)si- 


tions  on  tin*  sanif  aibor.  Tlu'  wasluTs  and  the  cutter  must  have 
ahsolutclv  naralN'I  fac^s.  ( )tlifr\\  i><',  \\  licn  the  nut  at  the  end  of 
the  arlKir  i>  titditcntMl,  tlicn*  will   Im*  snrinjrinjr  of  the  arlior  due  to 

tilt*  irreirularitv   in   thickness.     The  (»utboard  end  of  the  arl)or  is 

^  t. 

proviibnl  with  a  center  or  strai^^ht  pin  to  ]>e  steadied  by  the  over- 
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hai)ging  arm,  and  the  nut  on  t)ie  arlwr  should  nut  \te  tightened 
until  this  arm  is  in  jMigition,  ae  there  is  danger  of  spriugiiig  the 
arbor  by  the  h-verage  of  the  wrench. 

Where  tlie  cutter  teeth  jire  formed  iiitegrnl  witli,  or  fastened 


to.  the  ta)HT  shank,  as  in  tlie  eat-e  of  end  mills,  the  shank,  if  it  be 
of  a  proj)iT  fize.  U  forced  directly  into  the  tajuT  hole  in  the  spindle. 
In  many  eases,  liowever,  the  taper  shank  of  the  cutter  is  much  too 


FiR.  205. 

small  to  fit  the  spindle  hole,  and  tajKT  collets.  Fig.  205,  aro  used 
to  bush  down  the  spindle  hole  to  the  pro|)er  size.  Of  course,  it  is 
necessary  that  the  axes  of  the  outer  and  inner  taj)ers  shouEd  coin- 


cide,  otherwise  the  cutter  will  not  run  trm-.  In  soine  cases 
necessary  to  use  two  collets,  one  within  the  other,  before  i 
ducing  the  cutter  shank. 
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When  shell  end  mills,  Fig,  206,  are  used,  a  special  form  of 
taper  shank  is  employed  which  can  take  several  different  sizes 
of  cutters.  The  coiistniction  \s  so  obvious  from  the  iDtistration 
that  explanation  is  unnecessary. 

End  mills,  held  on  ta[>er  shanks,  rely  on  tbe  friction  of  the 
taper  for  holding  in  position,  altliough  being  driven  by  a  tongue 
at  the  end  of  the  shank.  Therefore,  cutters  of  this  description 
sbould  not  have  a  spiral  in  a  direction  whicli  would  tend  to  pull 
tbe  cutter  out.  This  is  not  a  serious  objection  when  using  the 
cylindrical  portion  of  the  cutter. 
but.  when  using  the  end  of  the 
cutter,  it  means  tbat  the  teeth  can 
have  no  rake  and  must  scrape, 
rather  than  cut  the  work.  lu  order 
lo  use  a  leading  spiral  on  the  cutter, 
tlie  shank  must  l>e  held  positively 
in  ihe  spindle.  This  usually  is 
accompli  si  led  by  inserting  in  a 
threaded  hole  at  the  rear  end  of  the 
tihank,  a  nxl  which  extends  through 
the  hollow  spindle  and  brings  up 
against  a  collar  on  theoutside.  This 
can  lie  set  up  solidly,  and  all  danger 
of  loosening  u[)  of  the  cutter  shank 
will  be  avoided. 

When  the  cutter  ia  small,  as 
compared  with  the  diameter  of  tlie  spindle  tajier,  a  screw  collet 
may  Iw  used,  as  the  friction  of  the  collet  will  be  greater  than  the 
tendency  of  the  leading  spiral  to  move  the  cutter  from  the  spindle. 
Again,  these  screw  collets  are  commonly  made  of  machine  steel, 
while  the  end  mills  are  made  from  tool  steel.  The  short,  steep 
taper  and  threaded  end  uiv  shorter  than  the  long  taper  shank,  and 
therefore  make  a  cheaper  (iittcr. 

One  of  tbe  best  means  for  holding  sniaJl  end  mills  is  by  the 
use  of  spring  collets,  Fig.  2(t7,  which  can  tirmjy  grasp  the  straight 
shank  of  the  cutter.  'WJien  cutters  iire  to  be  changed  freqwently, 
this  is  a  jiai'ticularly  satisfactory  method,  although  it  will  not 
auBwer  for  roughing  cuts  with  cutters  of  large  diameter, 
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An  ordinary  drill  chuck  caa  be  held  in  the  Bpindle  by  means 
uf  a  taper  ehank,  and  fnruisb  s  mt^ans  of  holding  straight-shank  ' 
drills  and  other  small  straight-shank  tools. 

A  very  convenient  method  of  holding  certain  tools  consists 
in  fitting  a  three- jawed  universal  lathe  cluick  to  the  threaded  nose 
of  the  spindle,  thus  enabling  sCmight- shank  tools  of  lar^e  size  to 
be  held  firmly  and  accurately.  Cutters  of  any  kind  are  niiely 
held  in  chucks  on  the  milling  machine,  but  a  large  number  of 
other  small  tools  can  be  thus  fastened  to  very  gt-eat  advantage. 

In  taking  up  the  subject  of  machines  devoted  espet^ially  to 
milling,  it  is  well  to  consider  that  the  transition  from  milling  in 


:f  to  the  s|H^-ial  milling  nn 


is  bridginl  by  an  attach- 
ment to  the  lathe  by  which  the  functions  of  the  Tnilliiig  machine 
were  well  served.  This  is  esjKcially  noticeable  in  milling  iittacb- 
ments  atta<!hed  to  bench  lathes.  Fig.  'MH,  said  attachment  lieing 
mouuted  on  a  foot  connected  with  the  end  of  the  lieil.  and  the 
head  stock  turned  aroUnd  on  the  bed  to  serve  as  a  spindle  for 
the  milling  attachment.  This  tomporary  arrangenient,  which  is 
titill  used  as  a  combination  in  some  cases,  led  to  the  inlroduHtion 
of  the  bench  miller,  Fig.  20!),  which  was  natnrallv  inteiid.-<l  for 
small  work  only,  and  therefore  is  nut  i)rovided  with  jjiitomatic 
feeds,  hand  feeding  by  means  of  levers  being  used. 

As  this  bench  milling  machini'  Cf)mpriseH  all  the  csseuliid  ele- 
ments  of  the  more  elaborate  machines,  il  will  lie  well  lo  call  alien, 
tioa  to  the  principal  prts  of  the  machine  and  their  functions. 
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TTie  horlzonUl  milliiiK  machine  consists  of  a  frame  or  I>ox 
structure  carrying  a  liorrizontiil  s[)iiiJle  in  the  upper  portion, 
togetlier  with  brackets  or  an  overhangiug  arui  to  steady  the 
spindle.  The  front  of  the  machine  is  carefully  scraped  at  right 
angles  to  the  spindle,  and  there  is  mounted  thereon  a  knee,  its 
upper  surface  being  parallel  to  the  spindle  in  the  horizontal  plane 
and  capable  of  niovenient  in  a  vertical  direction.  This  knee  carries 
what  is  known  as  the  saddle,  the  iippr  portion  of  which  is  also  par- 
allel to  the  spindle.  The  move- 
ment of  the  saddle  is  towards  and 
from  the  frame  of  the  machine, 
and  therefore  parallel  to  the 
Bpindle.  The  saddle,  in  turn, 
carries  the  table  to  which  the 
work  is  attaclied  by  means  which 
will  lie  described.  The  upper 
surface  of  the  table  is  jurallel 
to  the  spindle,  and  the  table 
movement  is  at  right  angles 
to  the  spindle  in  tiie  horizontal 
plane. 

The  combination  of  these 
three  motions,  iit  right  angles  to  the  spindle  in  the  vertical  plane, 
ftarallel  to  tbe  sjiimlle  in  the  liorizontal  plane,  and  at  right-anglea 
to  the  spindle  in  the  hori/.ontal  pljiiit',give  to  the  milling  machine 
what  is  known  as  its  range.  It  allows  any  jiortion  of  the  table  to 
be  brought  under  tbe  cutter  iit  any  distance  covered  by  the  verti- 
cal feed. 

Among  the  principal  advantiigi'S  of  tin 
the  wide  range  of  working  capacity  and  tli 
the  talde  can  be  placed  willi  relation  to  tlie 

is  olilaincd  by  means  of  graduate*!  dials  on  ibe  feed  screws,  which 
are  read  directly  to  .001  inch,  and.  by  estimation,  to  .00025  inch. 
For  many  years  the  milling  macbine  was  the  only  tool  which  sup- 
plied these  micrometer  graduations,  hut  tln-y  are  now  being 
appliiil  to  nearly  every  class  of  niacbiiu'  t{»oI  in  wbicli  accurate 
adjustment  is  necessary,  A  very  coiimion  method  of  graduation 
is  by  the  use  of  a  screw  with  a  ]»itch  of  J  inch  atid  3< M* graduations 
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milling  machine,  are 
■  accuracy  with  which 
utter.     This  accuracy 
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on  its  dial.  In  some  t»afH.  a  ncrew  with  h  j>iU'h  of  J  iiu-h  is  used 
with  2.>0  pradnationB,  but  it  is  always  safe  to  as»iiinn  that  tliw 
single  gi'aduation  on  a  milling  machine  means  a  movement  oi 
.001  inch. 

Ijost  motion  or  backlash  between  the  screw  and  its  tint  in  any 
of  these  adjustments  is  the  eanse  of  f reqnent  error  and  should  never 


FiK.  2)0. 

Ihi  iiegleeted.  Even  in  a  machine  in  excellfnt  conditioti.  wlien  the 
motion  of  the  screw  is  reversed,  it  will  turn  llirou^rh  im  angle  giv- 
ing the  etjiiivalent  of  abont  .005  inch  movement  of  the  part  being 
fed  along,  bnt  with  no  actual  movement  of  tlie  jiart.  As  an  ex- 
nm|)le,  if,  in  moving  the  table  from  the  column,  the  (ijH'ratur  car- 
rier it  ,003  inch  too  far,  it  will  not  sutliee  to  simjily  turn  tlie  disd 
back  three  graduations.  Tlie  table  should  be  bmught  Iwek  neveral 
hundredths  of  an  inch,  and  then  adviineed  lo  wilJiin  .003  inch  of 
itB  former  position.     In  order  to  facilitate  the  quiek  and  accurate 
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ivaHiof;  of  thtae  diala,  ther  are  arTuig«l  w  tlut  iIht  eaa  fc«  n*£}T 
■rt  Ut  zirrt>  wh^aerer  dMired. 

Tlie  morviDeDtB  sbov«  deaciilwd  for  tlw  adjastHMMt  of  At 
work  Kn^  tliiiw  MvMaanr  f'T  wluit  U  termed  a  phin  uilfi^ 
uuKhine.  lo  order  to  have  a  aaivcrsal  nriliifle  warhir.  H^. 
310,  it  ii  ntmnmary  that  thr  taUi^  tir  so  Kmn^  tlwi  it  can  \v 


k 


FJ«. -JU. 


(.wiiri(,r  iijHiti  llm  wuhlK.  ill  liif  Imrizoiilal  ].lane.  bo  that  its  feeding 
niovi'iiK'nt  in  [lot  lit  ii^;lit  aiiifli'a  lo  the  axis  of  lue  epindle.  Uni- 
versal milling  inachinrB  iisiiiilly  Ii»ve  a,  total  angular  iiioveiiient  o 
IMr,  4.T  on  ditliiT  siile  of  thi>  normal  [wsition. 

Whili'  llii"  inilliin'  macliine  lievelojifd  from  the  Iiitlie  throngii 
(III'  I.iiii'iilii  iriilli'r  In  llic  Btaijdar<i  hori/ontiil  iiuiveraal  iiiachiiie. 
its  ilcvvliipiin-iil,  foi'  work  oil  wliifli  hwivy  cuts  ai-e  iiewBaar^.  look 

[,lH.Biti.  cours.'. 


i 

ngh" 

line. 

Look 


The  slabbing  miller,  Fig.  211,  is  of  tlie  planer  type,  the  crosB 

rail  ftirryiii^  n   rigidly  supportt-d  cutter,  while  the  tahle  has  the 

iijmrativi'ly    slow    feed    re(]iiired    for    iiiilling.       This    type    of 

^•bine  is  espeeially  valuable  where    hroiid    Biirfaees    are   tu    be 

i-bined  on  pieces  of  work  which  are  of  such  shape  that  they  eati 

readily  and  nniformlv  supported  to  withstand  the  cut. 

In  order  to  produce  true  work  by  heavy  milling,  it  is  not  only 

DecesBary  that  the  work  shall  lie  supported  as  already  ontlined,  but 

Ifio.  that  the  cut  be  nearly  nnifonn   in  depth  and  width.     If  the 

Mrtion  of  the  cut  varies  greatly,  or,  even  with  uniform  ent,  if  the 

Work  is  irregnlarly  supported,   the  metal  will  spring  nnder  the 

iDflneoce  of  the  cotter  and  it  will  be  found  that  the  work  is  not 

true.     Therefore,  work  of  a  character  that  is  liable  to  be  distorted 

by  tile   process  of  milling,   may  easily  be  j>erformed   to   better 

Itdvantage  by  the  process  of  planing. 


^^ 
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Ab  the  planer  h  sometiines  furniebed  with  more  Uian  ont 
head,  bo  these  heavy  milling  machines  are  often  furnishi-d  willi 
more  than  one  spindle.     Two  vurtiual  Luada  on  the  rail  and  a  fae- 


k 


ing  head  on  each  upright,  Fig.  31-,  iti^lvt-d  a 

removing  a   large  amount  uf  metal,   if   llie   work   is  of  such  a 

character  as  to  stand  up  under  the  cut. 

It  ia  often  desirable,  from  tho  point  of  view  of  economy  of 
time,  to  (.'onihine  tho  operations  of  milling  and  planing,  and,  with 
this  end  in  view,  milling  attachnionts  are  made  for  the  planer,  Fig. 
213.  and  attached  to   the  cross  mil.     The  changes  required  frc 
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Blif  [itHiif r  ilriw,  are  ati  extra  Itell  to  rotnte  tlit.'  cutler  iiiiil  a  special 
iintersliaft  to  alow  down  the  niovurnent  of  tlii'  lal>le.  Thia  attach- 
I'lit  («n  carry  a  elabbing.  gang,  or  formed  c-utter  on  an  arbor  for 
horizontal  milling,  or  it  can  carry  end  iiiille.  Fig.  2li^  by  turning 
B  head  through  90",  thus  bringing  the  ejiindle  to  a  vertical  posi- 
non.  This  la^t  arrangement  of  the  epindle  is  of  gr^at  utility,  as  it 
owB  cutters  to  reach  down  into  places  which  wonhl  be  inatvesai- 
'  Ijy  any  othiT  means. 

Theadvantagesof  the  vertical  milling  spindle  are  so  i-vident, 
irly    all   mukeie  of   horizontal    innchinea    furnieli    what  13 
called  a  vertiejii  heiul.  ^'ig- 
^3    Jlo.    This  vertical  head  ia 
vi'vy  rigidly  supported  on 
^.     ihf  column,  and  by  means 
iif    the  overhanging  arm, 
^o  that  cuts  can  he  taken 
of  as  great  depth  aa   with 
ihe  horizontal  spindle.  The 
VLTlieal  spindle  can  also  be 
rnrned  in  the  vertical  plane, 
-o  that  an  end  mill  can  Ihs 
ii-fil  at  any  angle  with  the 


chin. 
berlicftl  spindle  alone  is  cTnplciyctl.  Fig.  21tj 
vision  fur  a  horizontal  spindle. 

Such  machines  are  provldetl  with  tJie  feed  iriotionH  of  llie 
torizontal  type,  and  also  with  a  rotating  table  by  which  cijvniar 
rork  can  he  done.  A  large  amount  of  work  formerly  done  in 
kthee  is  now  being  done  in  vertical  spindle  mat^hiiies,  aa  *«ell  as 
jDuiiy  pie<-es  fornierly  machined  on  planers  and  shajiers. 

The  duplex  milling  machine.  Fig.  217,  has  Wth  ihe  tmrizontal 

ind  verlical  spindles  eunibined  in  one,  which  allows  the  spindle  to  \>e 

ced  at  any  angle  from  horizontal  to  vertical,  and  combines  all 

9ie  goo<]  p^ijits  of  Itotli  machines.     The  head  of  the  duplex  miller 

1  In*  moveil  ont  over  the  table  in  such  a  way  as  to  greatly  incn^ase 
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the 

1,  thwo  l»i 

iiig  no 

[>ro. 

1  raiigi^  uf  lUv  riiacliiii 
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drilling  attavbuii^nt  wlicreliy  liult-a  may  W-  ilrilliHl  nl  any  atif^le. 
AtU^ntiuti  ifl  i-hDhI  lo  the  ritjKi  drive  on  this  iiiiu;liiiii4  by  invatia  uf 
a  twiatwi  rn\vliid«  Iwlt  or  ro[)e.  Tlila  makes  a  very  smootli  and 
qiiiet  drive. 

Ill  order  to  accommodate  different  sizes  uf  cutters,  maintain  a 
iitiifortt:  cutting  B|)et>d,  and  also  to  allow  for  dtfFeretiu}  in  hardness 
of  the  material  being  worked,  it  is  necessary  that  the  milling 
machine  should  be  supplied  with  several  speeds.     In  the  ordinary 


miller  we  usually  have  a  four-step  com-  w  ilh  ba<'k  gears,  which 
gives  eight  ajHwids  wilh  a  single  overhead  bell.  TheeountershaftB 
for  these  machines  are  of  the  friction  type,  and  are  gnpplied  with 
two  driving  pulleys  in  order  that  the  machine  luay  be  driven  in 
either  direction.  But,  if  the  reverse  molion  is  not  desired,  there 
call  he  two  pulleys  driving  in  the  same  direction,  but  at  different 
8[)t<e<ls,  giving  a  total,  including  the  back  gears,  of  sixteen  speeds 
for  each  machine.  Th«  speed  usi-d  on  any  jMrticular  work  de|)eodB, 
as  l»efore  stated,  on  the  diameter  of  the  culler  and  tlie  character 
of  the  work.  Thus,  with  carbon  sleel  cntlers,  the  cultiDg  aptwd 
will  be  (JO  to  00  feet  jier  minute.  Wilh  high-sjteed  all*!  ciittem, 
nearly  double  these  sj^eeds  may  be  maintained,  if  the  drive  of  tbft 
machiue  is  strong  ejiongh  to  pull  the  cut. 
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I  F\g.  216. 

When  uaiiiff  very  stimll  cutters,  tlic  iiiacliiiie  itself  will  not 

^ive  a  s[(ee<.l  which  is  hiirh  eiioiiffli  to  suit  the  diameter  of  the  cutter. 

r'or  such  work,  a  higli-epeed  attachment,  Fijj.  iilH,  is  funiiBhefl, 

>y  which  the  small,  light  cutters  may  be  driven  at  a  giiitahle  rate. 

Of  equal  im^tortance  with  the  correct  speed  fur  the  ciitttT.  is 

9  maxiinam  feed  or  table  speed,  which  is  reckoned  in  inches  jier 

A  more  logical  method  of  designating  the  feeds,  and  one 

llich  baB  been  adopted  by  several  makers,  is  to  give  the  advance 
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i«h    for   evtry    turn    of  liie 

Unary  I'arboii   stotl  flitters.  The 
Hired    tlit-    followirifT    gtwtwni'iits 


regarding  tliti  speed  of  inill:*: 

nilt-a  for  tlie  s[ietHl  and  fet-i!  uf  i 

man  ur  man  in  cliiirgf  of  the  niacliiiK-  ttliuiild  determine  what  U 

l>est  in  each  instance. 

"  As  iiaiially  the  highest  possible  speed  and  feet!  are  desirable, 
it  pays  to  incivase  lliein  iHJth  until  it  is  seen  tliat  mimetliing  will 
break  or  burn,  and  tlu-ii  rediiee  to  a  Bjieed  and  feed  of  siifetv. 
Sometimes  the  sjjeed  must  be  reduced,  and  yet  the  feed  iieied  u 
1h)  ehnngixl. 


J 
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"The  average  n^nvd  on  wrought  iron  and  annealed  steel  is, 
pt.'rhaps,  40  feet  per  niinnte,  which  p;ives  ahont  sixty  turns  per 
iiiinule  with  tiiills  2h"  in  diameter.  The  feed  of  the  work  for 
tliisi  finrfaee  speed  of  the  mill  can  bo  about  li"  jrt  minute,  and 
the  depth  of  the  cut  about  -{g".  In  cast  iron,  a  mill  can  have  a 
surface  speed  of  about  50  feet  a  niiimte,  while  the  fee<l  ia  li"  |)er 
niinnte  and  the  cut  i\"  deep.  In  tongh  brass,  the  sjieed  nmy  lie 
80  feet,  the  fi'ed  the  same  as  in  cast 
iron,  and  the  chip  ^j". 

'•As  email  mills  cut  faster  than 
large  ones,  an  end  mill,  for  example, 
J"  in  diameter,  can  be  run  aliont  iW 
revolulions  jier  minute  with  a'  feed 
of  4'.*' 

Addy.    an     English    authority, 
given  as  a  safe  speed  for  cutters  of  *!" 
diameter  and  Ujiwardf*: 
Bteel,:wrt.  per  minute  wllli  a  feci!  of  J^" 

\Vn>uj;ht  [run,  4H  ft.  per  minute  with  a 

feeil  of  1"  per  nituute. 
Cast  Imn,  milt,  per  inimite  with  a  fee.i  of 

n,/'l>erininiite. 
HruMH,  1211  feet  per  minute  witli  a.  feed  of 

^Ji"  per  minute. 
He  also  gives  a  simple  rule  for 
obtaining  the  «)ieed:     Tliu  number  of  rcvohitiori: 
should  make  when  working  on  cast  iron    =  ^4 
diameter  in  itiohes. 

The  following  table  baa  lieeii  prepared  by  Messrs.  Urowii  and 
Shar]«'  to  give  the  sjieed,  feed,  and  depth  of  cut  that  can  be  (»btained 
with  a  machine  similar  to  that  illustrated  in  I'ig.  210. 


it!.  218. 


■li  ihe  cutter 
idcd  l>v  the 
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SURFACE  MILLING  OF  CAST  IRON. 


Diam. 

of 

Mill 

ia 

Inches. 


^ 


^ 


Rev. 

per 

Minute. 


42 
42 

42 
42 

42 

42 

42 
42 

42 
42 
42 
42 

42 


Speed  of 

Cutter 

per 

Minute  in 

PVet. 


84 
34 

34 
34 

34 

34 

40 
40 

50 
50 
50 
50 

50 


Depth  of 

Cut  in 

Inches. 


_1 

1  « 

i 

1 

i 

1  6 
J7 
T6 

1 
1 
1 

i 

1  I 
32- 


Width 

of 

Cut  in 

Inches. 


1 
1 

2 
2 

8 

3 

8 
84 

2 

4 
6 
6 

12 


Feed  i>cr  Minute. 


In  Scale 
of  Cast 
Iron  in 
Inches. 


Under 

Scale  of 

Cast  Iron 

in  Inches. 


SURFACE  MILLING  OF  SOFT  MACHINERY  STEEL. 


Diam. 

of 
Mill 

in 
Inches. 


3J 


4} 


Rev. 

per 

Miuube. 


38 

38 

38 

38 

38 
38 

38 

38 

25 

25 
25 

25 

25 


Sp«»ed  of 
Cutter 

pIT 

Minute  in 
Fcot. 


30 
30 

30 
30 

30 

35 
35 

30 

30 
30 

30 

30 


Depth  of 

Cut  in 

Inches. 


t 

4 

T6 


^, 


1 

8 


^1 
IJ 
1 
IT 

H 

H 

1 
~1  fl" 
.3 
1  d 


Width  of 

Cut  in 

luchos. 


1 
1 

2 
2 

3 
3 

8 

8 

8 

5 
5 

10 

10 


Feed  per  Minute. 


In  Scale 
of  S.  M.  8. 
in  Inches. 


4 


Under 

Scale  of 

S.  M.  S.  in 

Inches. 


8 
6 

1 

i 
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END  OR  FACE  MILLING  OF  CAST  IRON. 


Biam. 

Speed  of 

Depth  of 
('ut  in 
Inches. 

Feed  per  Minute. 

of 

Mill 

in 

Inches. 

ReT. 
Minute. 

Uatter 

per 

Minute  in 

Feet. 
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FACE  MILLING  OF  SOFT  MACHINERY  STEEL. 
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Tlie  milling  machine,  and  in  fact  all  the  machines  of  the  shop, 
can  do  efficient  work  only  when  they  are  well  cared  for.  An 
ini[K)rtant  element  is  that  they  should  be  kept  clean  and  well  oiled. 

(ireat  care  should  l>e  exercistnl  that  chips  do  not  jret  into  the 
holes  in  the  spindles  or  l)etwet»n  the  arbor  collars. 

When  at  work,  the  milling  cMitter  is  kept  flooiled  with  oil  or 
a  solution  of  sal  soda  as  already  s[)ecified  for  lathe  work. 

Oil  h  used  in  milling  to  obtain  smoother  work,  to  make  the 
mills  last  longer,  and,  where  the  nature  of  the  work  re(juires,  to 
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Fig.  l!H). 


wash  the  chips  from  the  work  or  from  the  teeth  of  the  cutters.  It 
is  generally  used  in  milling  a  large  number  of  pieces  of  steel, 
wrought  iron,  malleable  iron,  or  tough  bronze.  Frequently  when 
only  a  few  pieces  are  to  be  milled,  it  is  not  used,  and  some  steel 

castings  are  milled  withont 
oil;  also  in  cutting  cast  iroD 
it  is  not  used.  For  light, 
flat  cuts  it  is  put  on  with  a 
brush,  giving  the  work  a 
thin  covering  like  a  varnish; 
for  heavy  cuts  it  should  be 
led  to  the  mill  from  the  drip 
can  that  is  usually  sent  with 
each  machine,  or  it  should 
be  ])umped  upon  or  across 
the  mill  when  cutting  deep  grooves,  milling  several  grooves  at  one 
time,  or,  indeed,  in  milling  any  work  where,  if  the  chi])S  should 
stick,  they  might  catch  between  the  teeth  and  sides  of  the  grooves, 
and  scratch  or  l)end  the 
work. 

The  Brown  &  Sharpe 
Co.  recommend  the  use  of 
lard  oil  in  milling.  Any 
animal  jor  fish  oil,  how- 
ever, may  be  used,  and 
then  se|)arated  from  the 
chiT)s  by  the  use  of  a  cen- 
trifugal sej)arator,  or  by 
dumj)ing  into  a  tank  of 
water.  In  the  latter  iniMli- 
od,  the  chips  fall  to  the 
bottom  and  the  oil  rises  to 
the  top,  whence  it  may  be 
drawn  off  with  but  littl*^ 
waste. 

One  of  tli(M)perati()ns 
for  which  the   miller  is  particularly  adapti'd  is  iIki  laying  out  and 
drilling  of  holes  which  reipiire  to  be  accuratidy  placed.     The  grad- 
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■ti^  Feeds  of  the  milling  inachitie  allow  tlie  distances  to  1x-  set  'iff 

irloaely  as  .00025  incli,  ami  holes  i»n  also  be  drilled  to  s  given 

tsptli  with  uqual  accnracv'.     In  stHrtiiig  hules,  it  is  \wgl  to  aav  a. 

totting  drill.  Fig.  2111,  which  is  extremely  rigid  and  jwrfectly  tnio. 

fli«  sjMjt  made  should  Iw  nlightlygruater  in  diameter  tlmii  the  drill 

b  tw  used.     The  drill  sltould  be  what  in  known  as  reamer  bizi",  that 

,'j  inch  below  the  standard,  and  the  hole  may  then  Im  re-umed, 

lither  in  one  Ofteration,  using  a  standard  reamer,  or  by  first  nsing 

L  inHchine   reumer.  whieh  is  about  .005  inch  under  size,  to  be  fol- 

lowud    by  the  standard 

reunier.     It  is  evident  timl 

holes   Ihns  drilled    and 

r«ariied    will    be   parallel, 

and.  by  nsing  the  vertienl 

^Jiead,  holes  can  lie  drilled 

Kl    ri(;l,t   .nsl"    in    lik. 

^Hjluiiner.      When    extreme 

^^■B-uraey    in    holes    is   de- 

^^Ktanded,  a  boring  bar  may 

^B«  nsed  after  the  drill    in 

^^brder  to  con-ect  any  error 

dne  to  the  running  of  ihi- 

I      drill  itself. 

Splinins  Shafts.  An 

er  operution   tsnited   to 

milling   machine,   al- 

lugh  sometimes   per- 

irnKMl  on  tlie  sba])er  or  planer,  la  that  of  splining  shafts.     The 

it«  in  X\w  table  give  the  projK^r  alignment  to  the  shaft,  the  entter 

in  Ih"  Mit  with  corn-ct  relation   to  the  axis  without  ditlieulty,  and 

(.pline  enl  full  depth  at  one  o|jeraliun.     The  only  objection  to 

form  of  spline  is  the  curve  st  the  end  due  to  the  shape  of 

(-utt«T.      An  end  mill  In  the  vertical    bead  can   Ik;    used    to 

rniove  this  objectionable   feature,  and  some  splining   machines 

mule.  Fig.  220,  which  permanently  carry  both  cutters,  so  that 

lt>  work  can  bo  rjulckly  Bhifted  from  one  to  the  other. 

The  operation  of  making  dovetails,  which  is  a  delicate  ujid 
|ien«ivo  job  on   the  whtt[>er,  is  readily  jM-rfornied  on   the  milling 
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FiR.  222. 


machine,  especially  of  tb^^ 
vertical  type,  Fig.  221,  tli«!=^ 
cutter  being  a  form   of  t-ix^V 
mill   suited  to  the  sizu  und^ 
angle  of  the  dovetail.    X-elots 
are  cut  in  a  similar  niantier, 
either  directly  from  the  sulid, 
or  by  following  a  groove  niade 
with  a  plain  cutter. 

One  of  the  most  common 
operations  performed  between 
centers  is  the  fluting  of  taps 
and  reamers,  Fig.  222,  which 
is  done  by  the  special  cutters 
already  referred  to.  It  will 
Iw  noticed   that     the    cutter 


should  be  set  in  sut-li  a  way  tliat  the  cutting  edge  of  the  tip  or 
reamer  will  be  radial.  If  left  aa  an  obtuse  angle,  the  tool  will 
simjily  scrape  and  not  cut,  while  if  the  tooth  is  undercut  to  any 
extent,  it  will  lie  bo  weakened 
as  to  I>e  liable  to  break. 

The  riutefi  in  twist  drills 
and  ill  fpinil  Hitted  n-itnier^ 
are  alwo  cut  Ix'twceii  centers, 
but.  if  the  cutter  is  eiiiTied 
directly  l>y  tlie  spindle,  the 
o|H-n    ■  ■ 

mad 

carried  l>v  a  vertiea!  or  siih- 
hcad  of  "unv  kind,  a  plain 
macljine  will  answer  for  llic 
pnr|Kise.     T!ie  tm^de  to  which 
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he  spiral.  Tliia  angle 
iiir  grajthical  method: 
base  e<jual  to  the  axial 
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■  rice  represeiitwl  )ty  one  full  turn   of  the  spiral  and  a  jierjMsn- 
\at  equal  to  the  cirfuinferenue  of  tlw  work.     For  strict  attu- 


tary.  this  circnmffsrenoo  sliuiilti  Iw  taki-ji  «t  uiit!-half  the  depth  of 
the  flule.  Draw  the  hypotheimse  of  this  triangle,  and  the  angle 
lielween  the  haae  and  ihw  hy]K)lhenuse   may  l)e  clesely  deteriniiied 


— AXlAl-  LENGTH    ONE   TURt 


I  fib',  il>. 

Iiy  the  nsv  of  a  protractor,  and  will  lie  the  angle  to  whitb  the  table 
or  liead  innst  bo  set.  Tbia  angle  cnn  be  more  cIoEiely  and  quickly 
(let«rmiued  by  a  v«ry  eitnpio  problwm   in  plane  trigouonietry, 
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finding  tbfl  sioe  of  the  angle.  To  do  this,  divide  the  perpeodica- 
lar  of  thifl  triangle  hj  its  base,  and  obtain  the  Tsla«  of  the  ut^U- 
from  a  table  of  sines. 

Spirals.  The  cutting  of  spirals  reqnires  another  opc^ratioo 
different  from  ordinary  work.  In  addition  to  the  angular  ectiiog, 
the  work  innst  1^  rotated,  in  order  to  produce  the  spiral,  »s  well 
tLS  fed  forward  to  the  cutter.  This  rotation  of  the  work  mast  be 
positive,  which  means  geannl.  and  one  rotation  of  the  work  will, 
of  (!oui'ee.  equal  the  pitch  of  the  spintl,  which  is  usually  expressed 


k 


aa  one  turn  in  "n"  inches.     After  ciitlii 
work  is  turned  and  indexed  the  same  as  i 

Cams.  Bolh  open  and  closed  cams  can  be  readily  cut  on  a 
plriiii  riillliti<;  inuchiNe  by  tlie  use  of  the  cam. cutting  attachiiierit, 
iMg.  ~'J'i,  which  nearly  all  makers  are  able  to  funiish.  The  out-^ 
line  of  the  cam  is  first  laid  out  and  worked  down  by  band  ( 
plain  disc,  or  male  leader,  as  it  is  termed.  This  leader  aud  n 
able  blank  are  mounted,  with  their  outlines  coinciding,  on  < 
spindle  of  the  cam-cutting  attacbineut.  A  cam  roll  of  the  sine 
to  lie  n:4etl  is  monnted  on  a  stationary  roll  stnd,  and  an  end  mill 
of  tlic  Siiirif  diameter,  or  enough  larger  for  (ilearanee. 


L'  sine 
i  mill 
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in  the  milling  machine  spindle  directly  opposite  the  cam  roll. 
The  spindle  of  the  cam-cutting  attachment  is  mounted  on  a  car- 
riacre,  which,  by  means  of  a  weight  over  a  pulley  at  the  end  of 
the  milling  machine  table,  is  always  kept  with  the  leader  in 
contact  with  the  cam  roll.  A  .worm  and  worm  gear  are  used 
for   rotating  the  attachment,  and  thus  the  spindle  approaches  or 


Fig.  227. 

recedes  from  the  cam  roll  according  to  the  shape  of  tlie  leader. 
When  cutting  closed  cams,  it  is  sometimes  desirable  to  ust^  the 
band-made  male  leader  as  a  form  from  whieli  to  make  a  elosed  or 
female  leader.  This  female  leader  will  surround  the  earn  roll  in 
such  a  way  that,  even  if  the  weight  should  fail  to  act,  no  serious 
damage  can  be  done  to  the  blank.  The  euttin<r  of  face  cams  dif- 
fers  from  the  above  description  only  in  that  the  spindle  of  tlie 
attachment  is  at  riofht  anMes  to  the  spindle  of  the  milliner  machine 
instead  of  parallel  to  it.  The  leader  and  cam  roll  are  used  in  the 
saiiie  manner  as  before. 
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Gears.  Tbe  cuttiiifj  of  gears  of  all  descriptions  wm  fonnH* 
done  on  Boriie  type  of  milling  iiiaehlne.  althongh  now  each  type 
uf  gear  has  its  Rfiecial,  and,  in  many  cases,  automatic  machine. 

Tiie  eutterK  for  Ppiir  and  Wvel  gears  are  of  two  types,  pro- 
ducing the  cycloidal  and  involute  tooth.  For  each  pitch,  the 
cycloidal  system  requires  twentyfonr  cutters,  while  eight  cotters 
suffice  for  the  involute  system.  These  cutters  are  plainly  marked 
with  the  style  of  tootb,  pitch,  and  nunilwr  of  teeth  for  which  it  is 
suitable.  Some  cutters  are  also  marked  with  the  whole  depth 
of  the  tooth  expressed  in  thousandths  of  an  inch.  The  gear 
hlanks,  having  Kvn  very  carefully  turne<l  as  to  outside  diameter, 
are  niountinl  on  an  arbor  Itelween  ceutera,  and  the  cutter  placed  so 
that  its  central  plane  passcH  ibruiigb,  and  is  |)arallel  to,  the  axis  of 
the  arlior.  The  km»'  is  now  r.iised  until  the  cutter,  when  rotating, 
jnst  touches  till!  outside  of  the  blank.  Tlie  work  is  now  luov^d 
out  from  under  the  euttt-r,  and  the  knee  raised,  using  the  gradu- 
ated dial,  an  amount  cigual   to  the  whole  depth  of  the  gear  tooth. 


each  tootb,  a  •liviiliiig  head  i 
Tbe  mamlrel  upon  which  l!i 
centers  AA.iiu.l  tirmly  faster 


ready  to  he 


.iciinilety  iitid  (juiekly  set  for 
use<l,  vibicb  is  shown  in  Fig.  22!*. 
gear  is  mouutetl  is  bung  upon  the 
mil  to  tbe  HpidiT  ]!.  Tbe  index  plate 
that  carries  tbe  spider  B;  the  iudex 
I  numlit-r  of  boles.  These  holes  are 
ac('iir<il<-]y  spaced  at  equal  dietancea 
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IS 


Rjtart.  The  arm  D  earriea  a  Btem  E,  having  a  knurled  lieati  at  one 
end  and  a  pin  at  the  other.  The  pin  is  held  in  one  of  the  holes  of 
the  index  plate  by  a  spring.  The  arm  D  eaii  l>o  moved  to  any 
desired  position,  relatively  to  the  index  plate,  and  there  fastened. 
When  a  gear  is  to  be  cut,  the  arm  D  is  moved  so  that  the  pin 
is  opposite  a  row  of  holes  the  nnmlier  of  which  is  the  same  or  a 
tniiltiple  of  the  nnmber  of  teeth  to  bo  cut.  Thus,  siipiiose  a  gear 
with  45  teeth  is  to  he  made.  The  jiiri  may  be  set  opposite  the  circle 
of  90  holes.  Asanming  that  the  ratio  of  revohition  ijetweeii  I)  and 
B  be  40  io  1  ;  -^'^  of  a  revolution  at  B  requires  J  ^  of  a  revolution 


Fig.  229.  Fit;,  '£»\ 

at  II,     The  pin   E  must,  therefore,  be  moved  JJJ  of  'M  boles,  or 
fiU  holes,  for  each  tooth  wut. 

Bevel  gears  are  held  on  an  arbor  in  the  dividing  head,  which 
IB  swung  up  to  bring  the  bottom  of  the  tooth  parallel  with  the 
table.  Fig,  229.  As  all  parts  of  the  tooth  of  a  Iwel  gear  are  ele. 
ments  of  a  cone,  it  is  evident  that  both  the  tooth  and  the  space 
should  vanish  at  the  apex  of  the  cone.  No  solid  cutter,  therefore, 
can  do  more  than  give  an  approximately  correct  shape  to  the  tooth. 
Bometimes  two  cuts  are  made  in  order  to  more  nearly  approach 
perfection. 

Spiral  gears  are  cut  in  the  same  manner  as  any  other  spiral 
that  is,  by  using  the  angular  setting  of  the  head  or  table  together 
with  jtositive  rotation  of  the  "ork. 
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Worm  gears  can  l>e  liobhed  out  hy  two  different  melLi)ds. 
Tbe  inort-  rumnion  way  is  to  gash  tbe  blank  witb  a  etoKking  cntitr, 
then  iiiDiint  it  on  an  arl>or  lield  loosely  between  centers  so  that  ihf 
bob,  wlieii  sunk  iuto  tbe  gasbes.  will  rotate  tbe  blank.  The  bUuk 
IB  raised  slowly  until  tbe  bob  reaches  tbe  projier  depth.  A  inoiv 
accurate  method  is  to  positively  rotate  tbe  blank  at  a  speed  corre. 
sponding  to  llie  pitch  of  the  hob,  and  ™iee  the  rotating  blauk 
against  tbe  rotating  hob  until  tbe  proper  depth  is  obtained.  This 
method  i-eqnirea  no  preliininary  gashing.     See  Fig,  230. 


llack  cutting  i-e(jnires  a  B)K>c-ial  attach  meat,  Fig,  231,  so  that  tlit 
cutter  spindle  may  be  carried  at  right  angles  to  the  length  of  the  table. 
THE  GRINDING  HACHINE. 

When  greatei'  accuracy  than  tlmt  obtainable  on  the  milling 
machine  or  the  lathe  is  retpiiiwl,  recourse  is  bad  to  grinding. 
Tlie  operation  de[>eniis  njwn  the  abrasive  or  cutting  qualities  of 
emery,  corundum  and  carbornndura.  With  work  properly  Iielil 
to  a  solid  grinding  wheel  it  is  not  diHicult  to  attain  great  aocnnicy. 
liy  means  of  the  grinding  machine,  parts  may  be  econotnictilly 
tinisbtNl  even  in  hardened  steel  that  could  not  possibly  be  machined 
un  such  shop  tools  as  the  lathe,  planer,  or  sbapcr.  One  type  of 
machine  used  for  this  purpose  is  shown  in  Fig,  '232.  With  such 
a  macbinc,  round  surfaces  may  tw  ground  so  that  the  variation 
from  the  uomiual  diaineler  is  less  Itian  .0001  inch. 
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The  grinding  machine  consists  of  a  strong  base  A,  upon 
which  there  is  mounted  a  headstock  B  and  a  tailstock  C  similar 
in  action  to  those  of  an  ordinary  lathe.  Back  of  this  there  is  an 
emery  wheel  driven  by  a  separate  belt.  The  principle  of  operation, 
for  round  surfaces,  is  that  the  pjart  to  be  ground  is  put  upon  the 
centers,  and  driven  exactly  as  in  the  ordinary  lathe.  The  only 
additional  precaution  to  be  taken  is. that  tlie  driving  appiratus 
should  be  secure,  so  that  there  is  no  looseness  of  the  parts.  This 
insures  a  continuous  motion  for  the  piece  witli  no  possibility  of 
any  black-lash.  The  piece  turns  towanls  the  operator,  and  tlie 
emery  wheel  runs  in  the  same  direction.  The  two  surfaces  of 
wheel  and  work  in  contact  are,  therefore,  moving  in  opposite 
directions. 

The  head-  and  tailstocks  are  mounted  upon  a  traveling 
table  I) ;  this  table  moves  back  and  forth  in  the  same  manner  as 
the  platen  of  a  planer.  It  is  made  to  stop  automatically  at  each 
end  of  the  stroke. 

When  work  is  being  done,  the  piece  is  centered,  wdth  its  axis 
parallel  to  the  line  of  travel  of  the  table.  With  the  piece  and 
emery  wheel  in  motion,  the  former  tmvels  to  and  fro  in  front 
of  the  lathe.  The  wheel  is  then  gradually  moved  forward  until 
it  has  ground  the  work  down  to  the  size  required. 

It  is  not  intended  that  laige  amounts  of  metal  shall  be 
removed  by  this  machine.  Its  object  is  to  reduce  to  accumte 
dimensions  tlie  work  that  has  already  l)oen  turned  in  the  lathe. 
The  proj)er  method  to  pursue  is  to  turn  the  piece  to  as  nearly  the 
required  diameter  as  possible  in  the  lathe,  care  being  taken  that  it 
is  left  a  trifle  large.  This  may  be  .01  inch  on  each  2  inches  of 
diameter.  The  surplus  metal  may  then  be  removed  by  grinding. 
In  the  machine  illustrated  in  Fig.  232,  the  transverse  movement  of 
the  wheel-stand  is  adjusted  by  a  hand-w^heel  graduated  to  read 
to  .001  inch  on  the  diameter  of  the  work.  The  machine  is  also 
provided  with  an  automatic  cross-feed,  which  gives  a  range  of 
advance  of  the  wheel  varying  from  .00025  inch  to  .004  inch  at 
each  reversal  of  the  table.  This  feed  is,  furthermore,  so  arranged 
that  it  can  be  automatically  released  at  any  point. 

This  method  of  finishing  is  also  used  for  pieces  that  have 
been  case-hardened.     Case-hardening  always  warps  the  metal  to 
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wliich  it  is  applied.  Grinding  is  resorted  to  in  order  to  reduce  it 
U)  the  proper  shape.  An  example  of  this  may  be  tiiken  in  the 
method  used  in  the  m  an  uf sic  taring  of  wronght-iron  locomotive 
crank-pins.  The  pin  is  forged  and  turned  to  as  near  the  working 
size  as  possible.  It  is  then  case-hardened  and  ground  to  exacr 
truth  and  dimensions. 

Ci rinding  is  also  used  for  truing  work  that  comes  from  the 
lathe.  The  lutlie  does  not  turn  its  work  round,  owing  to  differ- 
ence in  the  density  of  the  metjil,  the  variation  of  the  cutting 
speed,  the  dulling  of  the  tool,  the  lost  motion  on  the  centers  and 
in  the  spindle,  and  the  springing  of  the  work  itself  due  to  the 
pressure  of  the  tool. 

SPEED  OF  GRINDING   WHEELS. 


DlAMKTF.U 

Maxim  I  3k 

DlAMETKU 

Maximum 

Diameter 

Maximum 

UK  WllKKI, 

Kkvolitioxs 

OK  W'.ir.KL 

KkVOLI  TIONM 

OV  WlIEKI. 

Kevoh  noxM 

IN  !N<  HKs. 

I'KK  M  IN  I'VE. 

IX  IN<HE.'*. 

i*EU  Minltf;. 

IN  Jnciies. 

I'Eii  Mini  TE 

1 

19,000 

6 

s 

4,400 

14 

1,58D 

11 

12.500 

6 

3,700 

16 

1.380 

2 

19,000 

7 

3,160 

18 

1,230 

2\. 

8,800 

8 

2,770 

20 

1,UM) 

3 

7.400 

9 

2,400 

22 

1,(H);) 

-n 

0,;J00 

10 

2,210 

24 

i)20 

4 

6,o(K) 

12 

1,850 

26 

8')0 

The  grinding  machine  remedies  this  to  a  great  extent.  Partly 
because  only  a  very  slight  pressure  is  brought  against  the  work; 
partly  because  of  the  greater  delicacy  of  adjustment  of  the 
grinding  machine  as  compared  with  the  lathe. 

The  method  of  grinding  flat  surfaces  is  pi*actically  similar  to 
that  used  for  round.  The  work  is  bolted  to  the  table  and  moved 
to  and  fro  beneath  the  emery  wheel,  which  is  given  a  transverse 
movement  so  as  to  cover  the  whole  of  the  surface  to  be  operat^^d 
U[)on.  The  surface  speed  of  the  wheel  may  range  from  3,000  to 
5,000  feet  per  minute. 

The  above  table  gives  the  maximum  speeds  of  caborundum 
wheels  of  various  diameters. 

The  accuracy  of  grinding  renders  the  use  of  iine  measuring 
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tools  a  necessity.      The  micrometer  caliper,  especially  with  the 
vernier  graduation,  is  best  suited  for  this  work. 

While  grinding  is  the  only  method  of  finishing  some  mate- 
rials, such  as  hardened  tool  steel,  and  the  most  accurate  way  for 
finishing  any  kind  of  stock,  its  value  as  an  economical  method  is 
just  beginning  to  be  recognized.  The  general  method  of  finishing 
lathe  work  has  l)een  to  tiike  a  rougliing  cut  with  about  iV  ^"^h 
feed,  then  a  finishing  cut  with  alM)ut  jIq  inch  feed,  and  then  file 
to  remove  the  tool  marks.  In  the  majority  of  cases  it  is  more 
economical  as  well  as  more  accurate  to  take  a  roughing  cut  witli 
J  inch  feed  to  within  ^\  inch  of  the  size,  and  then  finish  by 
grinding. 

In  some  cases  it  is  possible  to  get  excellent  results  by 
grinding  to  size  direct  from  the  bar  without  previous  turning. 

Lapping  is  a  term  applied  to  a  particular  method  employed 
in  the  giinding  out  of  holes.  Tlie  lap  consists  of  a  cylinder  of 
soft  metal  run  rapidly  inside  the  bole  to  be  lapi)ed  and  covered 
witli  emery  and  oil  at  the  same  time.  The  surface  of  the  lap 
should  invariably  be  of  soft  metal.  It  may  be  made  of  copper,  or 
it  may  be  an  iron  bar  with  a  covering  of  lead  or  tin.  It  should 
1)0  turned  slightly  tempering  at  each  end,  so  that  it  will  enter  the 
hole.     At  the  mirldle,  it  should  be  a  tight  fit. 

The  end  of  the  bar  is  run  through  the  hole  and  set  on  the 
lathe  centers  w^ith  a  dog  to  drive  it.  like  an  ordinary  mandrel.  It 
is  covered  witli  oil  and  sprinkled  with  emery.  The  lathe  is  then 
run  at  a  high  speed  and  the  work  moved  to  and  fro  over  the  lap. 
Light  pieces  may  be  held  in  the  hand.  When  this  is  done,  cai-e 
should  be  tiiken  to  turn  the  piece  so  that  the  grinding  may  be 
even  over  the  whole  circumference.  The  tendency  is,  when  hold- 
ing work  in  the  hand,  to  allow  it  to  rest  upon  the  top  of  the  lap; 
this  causes  the  grin<ling  to  be  done  on  one  side  of  the  hole  unless 
the  j)iece  is  frecpiently  turned.  Laps  may  be  used  for  grinding 
iioles  true  and  parallel.  For  this  purpose  the  work  should  l)e 
accurately  centi^vd  with  the  lap  and  firmly  bolt^'d  to  the  lathe 
carriage.  The  lap  is  then  run  at  a  high  sjxicd  and  the  work 
moved  to  and  fro  over  it 

Laps  are  sometimes  used  for  grinding  flat  surfaces.     In  such 
cases  they  are  in   the  foriu  of  disks.     They  are  put  on  the  lathe 
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Bpindle  in  tlie  place  of  tlie  faceplate.  The  work  in  then  presst'd 
Hg.iinst  the  (liijk.  An  tlie  out«:r  edge  of  tlie  disk  liuy  a  liightr 
speed  ill  feet  tmveled  ikt  nuiiute  than  those  [Kirtioiis  nearer  tiie 
center,  the  grinding  is  inore  rapid  at  the  edges.  The  work  itinHt, 
tli»;i-ef<ire,  Ije  constantly  turned  if  it  is  held  in  the  hand.  The  liest 
way  is  to  clamp  it  firmly  cm  tlie  lathe  carriage,  and  press  it  agaiiiat 
ihe  lap  Ijy  means  of  the  hand  feed. 


Fig.  233. 


Laps  for  f!at  surfaces  have  grown  in  favor  so  iiipidly  that 
SjK'cial  machines  have  Iwen  made  to  do  this  work.  The  conHtrnc- 
tion  of  the  disk  grinder  can  be  so  readily  soeii  from  tlie  iltiistiiitioa 
(Fig.  ^33),  that  a  detailed  deacription  does  not  seem  nece.'*sary. 
For  finishing  small  flat  surfaces,  especially  those  which  have  Ih'cii 
h;i'ileiied,  this  machine  has  become  aa  important  factor  in  tho 
modern  shop. 
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LAYING    OUT  WORK. 


Laying  out  work  is  one  of  the  most  important  details  d 
'  machine  Khop  practice.  Oitlinarily  all  work  is  laid  out  The 
exceptions  are  where  certain  pieces  are  worked  from  templetis 
and  in  these  erases  the  templet  is  laid  out  from  certain  points  on 
tlio  casting,  forging,  punching,  or  whatever  is  used  for  the  woik 
hi  hand. 

The  simplest  form  of  laying  out  work  is  to  be  found  in  tlie 
centering  of  round  hars  that  are  to  Ije  turned  iu  the  latlie.  In 
tliis  case  the  end  of  the  piece  is  chalked.     Use   a   jxiir  of  her- 

maplinxlite  calipers,  set  the  points 
A  and  H  so  tliat  tlieir  distance  ajNirt 
is  a  little  more  tlian  the  radius  of  the 
piece.  Place  the  caliper  leg  at  tliree 
points  on  the  circumference,  A,  B, 
and  C  (Fig.  234),  and  describe  from 
each  the  arcs  of  circles  A'A',  li'B', 
and  C'C,  respectively.  Tlien  with 
the  prick  puncli  mark  the  point  iii- 
dicaU'd  by  the  small  circle  in  the 
center.  This  will  be  the  center. 
To  test  its  accuracy,  place  the  di- 
vi<l(;r  leg  in  th(^  prick  punch  mark  and  see  if  the  calij)er  leg 
will  just  touch   th(^  bar  over  its  whoUj  surface. 

Hcforo  drilling,  the  center  should  be  emphasized  with  a  cen- 
ter punitli. 

Tlu;  center  scjuare  may  be  used  for  this  oi)eration,  as  the 
e(»nU»r  can  1k^  easily  located  at  the  intersei'tion  of  two  diameters 
dniwn  nearly  vt  right  angles,  in  some  cases  it  is  better  to  lay 
the  shaft  in  V  blcM'ks  on  a  plate  and  use  the  surface  gauge,  draw- 
ing at  least  two  lines  through  the  center  of  the  piece. 

It  is  usually  necessary  to  cover  the  surface  of  the  work 
when»  lines  must  be  visible,  with  chalk,  white  lead,  or  copperas, 
In^fore  any  laying  out  can  l>e  done  ;  but  in  cases  of  this  kind  it  is 
usual  to  mark  direclly  upon  the  end  of  the  l«ir.  Before  drilliug, 
tiie  center  should  be  empluisized  wiUi  a  center  punch* 
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Tlie  locations  for  holes  should  1x5  at  the  intersection  of  lines 
ill  oitler  to  1h)  phiin.  After  marking  the  center  with  a  prick 
punch,  take  a  pair  of  dividers  and  scribe  a  circle  on  the  prepared 
surface  concentric  wth  the  center  alitjady  located.  This  circle  ^ 
should  Ije  about  the  diameter  of  tlie  hole  to  l)e  drilled,  and  in 
many  good  sho[)S  it  is  the  custom  to  draw  anotlier  cii-cle  concen- 
tric with  the  first  and  about  |"  larger  in  diameter.  This  outer 
cii-cle  is  called  the  reference  circle,  and  i*  for  the  benefit  of  tiie 
inspector  \vhen  it  becomes  necessary  to  i)lace  the  resTK)nsibility 
for  a  misplaced  hole.  These  circles  may  be  marked  with  at  least 
four  prick  punch  marks,  as  shown  in  Fig.  108,  in  onler  to  indi- 
cate the  position  of  the  circle  in  case  of  the  oblitemtion  of  the 
line.  The  center  is  tlien  deepened  by  the  c^ntxir  punch  and  ilie 
liole  drilled.  In  laying  out  work,  tlie  fii*st  thing  to  do  io  to  "  snag  " 
the  work  ;  that  is,  rem(.»ve  the  ridges  of  the  casting  caused  by  tlio 
jxttt^jm  l)eing  jnadc  in  two  or  more  parts.  For  small  castings  a 
coai*se  file  is  generally  used,  while  for  large  work  the  cold  chisel 
is  used.  In  many  sliops  the  cold  chisel  is  oj)crate(l  by  compressed 
air. 

In  laying  out  work  for  the  planer  and  milling  machine 
great  care  must  be  exercised.  It  is  necessary  that  there  should 
be  a  base  line  to  w^hich  the  lines  may  be  referred.  It  depends  on 
the  charactei  of  the  work  as  to  how  t!iis  should  be  done.  Some- 
times it  is  quite  sufficient  to  lay  off  the  base  line  parallel  to  one 
side  of  the  casting  or  forging.  If  the  side  thus  used  is  t)  l)e 
finished,  then  the  base  lino  should  be  located  at  the  projK-'r  dis- 
tance from  it  to  aUow  for  the  finishing.  The  amount  nM|iiin'd 
varies  with  the  character  of  the  casting  or  forging;  this  has  been 
fully  explained.  Usually  there  is  some  outline  of  the  rough  piece 
that  will  serve  as  a  guide. 

As  an  example  of  the  laying  out  of  work,  ttike  tlie  valve  and 
steam  chest  seats  shown  in  Figs.  235  and  230.  Tlie  work  is  to 
be  done  on  a  planer.  The  cylinder  has  probably  been  bored.  It 
is  then  placed  on  the  planer,  and  so  set  that  the  center  line 
through  the  cylinder  is  pai-allel  to  the  platen  of  the  planer.  Tht^ 
first  machine  work  to  be  done  is  the  tiiking  ofTf  of  the  roughing 
cut  from  the  face  A.  This  face  is  to  be  planed  down  to  a  certain 
height  above  tlie  cylinder  center;  this  !ieight  may  be  marked  '^'^ 
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*lie  etlge  of  tlie  valve  Hoat  by  tlic  prick  punch  nmrk  It,  If  tLe 
Etiifacc  C  is  to  l>e  planed  attlie  same  time,  its  height  is  iiKltcatetl 
by  the  prick  punch  mark  I),  "niesc  jioiuts  may  lie  located  by 
meuns  of  the  surface  gnugc.     Set  tlie  gauge  on  the  |Aaten  and 
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Fig.  23.-.. 

elevate  the  point  to  the  proper  licijjht,  ^^ove  it  so  that  it  will 
ttnich  the  side  of  tlie  casting  at  the  proper  imiril.  and  iimkc  the 
marks  11  and  IJ  acconliiigly.     AVhen  the  surfaces  -\   and  C  have 
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rereive<l  tlte  ronghing  cut,  the  plan  may  he  laid  off  as  in  Fig.  2:10. 
Willi  a  Hcjuarc  having  a  siiitahle  leiiglh  of  Made,  locate  the  jiointa 
O  and  II  dii-eetly  over  the  center  lino  of  the  cylinder.     Cover  the 
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surfaces  A  and  C  with  chalk  where  lines  are  to  be  drawn.  Draw 
the  lines  I,  J,  K  and  L  on  the  surface  A,  between  G  and  II. 
Through  tlie  center  of  the  side  of  the  exhaust  port  draw  llie 
lines  E  and  F  at  right  angles  to  GIL  This  is  done  with  a  scriber. 
Lay  oiT  half  the  width  of  the  exhaust  port  on  either  side  of  E  and 
F,  and  draw  the  lines  MX  and  OP  parallel  to  E  and  F,  In  like 
manner,  di*aw  the  lines  QR  and  ST  for  tlie  limits  of  the  steam 
p<jrts.  All  of  these  lines  are  to  be  emphasized  by  the  use  of 
I)rick  i)unch  marks  as  indicated. 

If  tlie  sides  of  the  valve  seat  are  to  be  finislied,  the  lino  to 
which  the  metal  is  to  be  cut  is  indicated  in  the  same  maimer. 
Finally  the  holes  VW,  etc.,  for  the  holding  down  studs  of 
the  steam  chest,  are  to  be  laid  out  The  center  lines  are  fii*st 
drawn ;  then  the  centei*s  of  the 
holes  are  marked.  After  which 
the  circles  for  the  holes  are  drawn 
as  already  descril)ed. 

Work  is  rarely  laid  out  for 
tlie  lathe.  It  is  not  necessary 
that  it  should  ahvavs  be  done 
for  the  planer.  Laying  out  is 
employed  where  accuracy  is  es- 
sential, and,  where  it  is  possible  to  secure  the  pro{)cr  dimensions, 
with  the  piece  to  be  o])erated  upon  in  position  on  the  machine. 

The  man  who  has  cliarge  of  the  work  of  laying  out  should 
have  some  knowledge  of  the  elementary  j)rinciples  of  geometry, 
he  should  also  have  some  knowledge  of  drawing,  and  should, 
of  coui-se,  be  able  to  read  drawings. 

A  few  general  suggestions  may  be  given  reganling  work  to 
be  finished  in  the  vise  on  either  the  planer,  shapcr,  or  the  milling 
machine,  where  several  faces  are  to  be  finished  at  right  angh\s 
to  one  another.  Referring  to  the  rectiingular  block  of  Fi«^'. 
237,  the  block  is  first  placed  in  the  vise  with  the  face  MNOP 
down,  and  the  face  MADP  against  the  fixed  jaw.  The  face; 
AiK)D  is  then  machined,  and  the  work  turned  so  that  AIU'I) 
is  against  the  fixed  jaw  and  MADP  down.  With  the  block 
in  this  position,  NBCO  is  worked,  mnking  NIU'O  at  right 
•mgles  to  A  BCD.     With  A  BCD  still  against  the  fixed  jaw,  and 
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NBCO  down,  surface  MADP  is  next  worked.  Tliis  brings  two 
edges  at  right  angles  to  tlie  same  side  and  pirallel  to  each  other. 
Then,  placing  ABCD  down  and  either  MADP  or  NBCO  against 
the  fixed  jaw,  surface  AINOP  is  genei-ated  parallel  to  ABCD. 
This  leaves  the  ends  to  be  finished.  The  vise  is  swung  so  that 
the  fixed  jaw  is  at  right  angles  to  the  line  of  motion  of  the  tool, 
and  0:1  the  planer  and  shaper,  they  are  finished  by  using  the  verti- 
cal feed.  In  the  two  last  named  tools,  the  tool  holder  is  swung 
so  that  tlie  tool  vn\l  clear  the  work  easily  on  the  i^etum  stroke. 

In  working  cast  iron,  it  is  well  to  chamfer  the  edges  with  ^ 
file.  If  this  is  not  done,  the  metiil  will  break  off  when  the  tool 
reaches  the  end  ol  ihe  cut^  leaving  a  ragged  edge.  The  depUi  of 
the  chamfer  depends  on  the  amount  of  metid  to  be  removed. 

Fitting  is  the  term  generally  applied  to  the  hand  work  neces- 
sary in  assembling  machinery  after  all  the  machhie  work  has  been 
done.  FiUng,  either  in  the  vise  or  lathe^  and  scraping  are  the 
oj)erations  usually  required,  although  the  hammer  and  chisel  are 
sometimes  used.  As  hand  work  costs  much  more  than  machine 
work,  the  machining  is  done  as  closely  as  possible  to  make  the 
hand  work  a  very  small  item. 

SHOP  SUGGESTIONS. 

In  the  regular  work  of  any  shop,  occasions  are  constantly 
arising  for  Hie  determination  of  the  best  method  of  doing  work. 
The  success  witli  which  tlie  desircMl  end  is  atttiined  dejiends  U|X)n 
tlie  skill  and  judgment  of  the  man  in  charge.  While  it  is 
iin])ossil)le  in  a  liniitt^d  siuicc  to  give  instructions  reganling  every 
possible  emergency  tliat  may  arise,  a  few  suggestions  ivgarding 
shop  practice  will  Ihj  valuable. 

Pening  consists  in  the  stretching  of  the  metid  on  one  side  of 
a  piece  of  work  in  order  to  alter  its  shape.  There  is  a  wide 
difference  l)otween  pening  and  l)ending.  For  example,  suppose 
the  curved  or  warped  piece  in  Fig.  238,  is  to  l)e  stniightened.  If 
it  were  to  Ihj  Ijent  until  it  werQ  straight,  it  would  be  placed  on 
the  blocks  A  with  the  concave  surface  dwwn,  as  shown  by  tlie 
dotted  lines.  It  could  then  l)e  struck  by  the  hammer  and  driven 
down  past  the. line,  of  supjx)rt,  and  stnuned  so  that  it  would 
"^main  approximately  straight.     Such  a  method  of  straighteniog 
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could  not  be  apj)lie(l  to  a  piece  of  complicated  outlines.  It  would 
renuiin  wavy.  In  pening  to  truth  such  a  piece  as  shown  in  Fig. 
238  it  is  hud  on  an  anvil  with  the  convex  surface  down.  It 
is  then  struck  with  the  pene  of  the  hammer  on  the  concave  side. 
The  blow  must  l)e  quick  and  sharp.  The  result  is  that  the  meud 
is  stretclied  at  the  point  where  the  blow  is  struck.  By  working 
success! velv  over  the  w^hole  surface  the  concave  side  is  stretched 
so  that  it  is  equal,  in  its  dimensions,  to  tlie  convex  side.  The 
piece  tlien  becomes  stmiglit  and  will  so  remain.  A  skillful  use  of 
the  hammer  will  straighten  almost  any  warjxsd  piece  of  thin 
metid. 

Drilling:  Hard  Metals.     It  is  sometimes  desirable  to  drill  a 
hole  in  very  hard  metal.     To  do  this  the  drill  must  be  made  very 
lianl ;  it  must  be  run  at  a  very 
slow  speed ;    it    must    be    forced  p^ 

against    the    work    as    hard    as  L-J^ , 

possible    without    breaking     the  V-r 

point,  and  it   must   l>e    provided        f — r>.^.=L^-  •  '\j"  •:^,^->-^ 

with  an  abundant  supply  of  oil.        j-^.,^..,^^ .j:..^^-^  ^ 

ror    excessive    liardening    or    a     //v   v/vv///// ,///,.-  .    /  ,  v. 
drill,  it  may  be  heated  to  a  dull  Fig.  238. 

rL»d  heat,  i)referably  in  a  charcoal 

fii-e,  and  quenched  in  mercury  instead  of  water.  It  will  also  assist 
in  the  operation  if  the  surface  of  the  metal  to  be  drilled  is  nicked 
with  a  cold  chisel  before  work  is  l)egun.  In  some  cases  turpen- 
tine, in  place  of  oil,  may  be  used  with  Ixjiielicial  results. 

Thin  chilled  cast  iron  may  Ixi  softened  by  placing  a  sniidl 
piece  of  sulphur  on  the  place  where  a  hole  is  desired  and  then 
heating  slowly  to  a  dull  red. 

(ilass  may  also  be  drilled.  There  are  two  methods:  one  is 
to  use  a  flat  drill  moistened  with  camphor  and  turpentine,  and  the 
other  is  to  use  a  cop[)er  tube  with  No.  (JO  emery  or  carborundnni 
and  oik  In  the  Lust  method,  drill  half-way  through,  revei-se,  and 
drill  to  meet,  removing  the  fin  at  the  center  with  a  round  file  wet 
with  water  or  turpentine. 

Qrindins^  Valves.  This  is  a  kind  of  grinding  that  is  usually 
done  by  hand.  It  consists  of  fitting  a  valve  and  its  seat  so  that 
they  ai*e  in  metallic  contact     In  its  results  it  is   the  samn  as 
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Kcraping,  The  process  is  very  simple.  The  valve  is  coiited  with 
oil  and  some  fine  emery  sprinkled  over  it.  It  is  then  put  on  the 
seat  and  worked  back  and  forth  or  revolved.  The  enieiy  senes 
to  grind  oflf  the  liigh  surfaces  of  each.  After  grinding  for  a  tiuev 
remove  the  valve  and  wipe  botli  surfaces  clean.  The  metal  on 
eacli  will  show  where  they  have  been  in  contact  When  these 
indications  ai)pear  over  tlie  whole  of  the  surface,  or  iu  a  continQ' 
ous  ring  about  the  seat  of  a  circular  valve,  the  work  is  completed. 

To  generate  a  surface  plate  it  is  necessary  to  work  with  tliree 
at  the  same  time.  For  the  sake  of  making  the  explanation  clear 
they  will  be  called  A,  B,  and  C.  After  the  plates  have  been 
pLmed,  a  straight  edge  should  Ije  laid  on  each.  A  stniigiit  edge 
is  merely  a  piece  of  flat  steel  having  one  or  both  edges  true  and 
straight.  Set  the  straight  edge  on  the  phites  in  all  directions. 
If  it  touches  over  its  whole  length  iu  all  jKjsitions,  then  the  plates 
are  ready  for  scRtping.  If  it  touches  at  the  edges  of  the  plate 
and  is  clear  in  the  center,  the  former  are  high  and  should  be  filed 
down.  If  it  touches  iu  the  center  and  rocks  to  and  fro,  tlie  plate 
is  convex  and  the  center  must  be  filed  do\vn.  After  the  plates 
have  Ixjen  filed  to  truth  as  far  as  truth  can  be  indicated  hy  the 
straight  edge,  they  are  ready  for  scraping. 

Now  take  plates  A  and  B  and  place  them  face  to  face. 
Strike  a  blow  on  the  upper  one,  and  it  will  cause  a  jarring  sound 
to  l>c  heanl.  This  sliows  that  the  two  are  not  in  ])erfeet  contact 
Smear  the  surface  of  platt?  A  with  a  thin  mixture  of  ivd  lead  and 
oil.  Cover  the  surface  evenly  and  thinly.  Then  rub  the  two 
l)hites  togetlier,  and  where  the  red  lead  rubs  off  on  to  the  surface 
of  plate  B  the  two  come  in  contact.  Take  the  serajK-^r  and  scrajK? 
off  a  little  of  the  metal  from  each  of  the  plates  where  they  ha\e 
Ikjcu  in  contact.  Wipe  off  plate  B,  and  again  smearing  jilate  A, 
I)roceed  as  before.  Continue  this  process  until  the  two  surfaces 
are  in  contxct  over  their  whole  areas.  This  does  not  prove,  how- 
ever, tliat  they  are  flat.  They  may  l^e  in  contact,  as  required,  if 
A  is  convex  and  B  is  concave.  To  test  this  the  third  plate  is 
necessary.  Smear  plate  B  with  red  lead  and  scrjij)e  C  to  fit  it. 
Do  not  touch  /..  It  is  evident  that  A  juid  C  will  then  l)e  alike, 
firing  them  together.  If  they  are  lK)th  convex  they  will  roll  <»ver 
each  other.     If  they  are  concave  they  will  bear  at  their  edges  and 
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nv>t  touch  in  the  center.  They  will  appear  to  be  out  of  truth  by 
t\vic-a  the  actual  amount.  Scrape  off  the  contact  points  of  A  and 
C.  Remove  as  nearly  as  possible  tha  same  amount  of  metal  from 
each.  When  these  two  plates  have  been  brought  so  as  to  bo  in 
contact  over  their  whole  areas,  lay  plate  A  aside  and  scrape  H 
until  it  fits  C,  but  do  not  touch  A.  Then  try  A  and  B  together. 
If  they  <lo  not  touch  over  their  whole  areas,  treat  them  as  l)ef(»re 
described  for  A  and  C.  Then  introduce  C  a^^ain.  Continue  this 
alt<^rnaiing  process  until  the  three  plates  form  a  bearing  over  the 
whole  of  the  surface  of  e.ach  of  the  other  t\v'o. 

During  the  latter  part  of  the  process,  use  alcohol  instead  of 
red  lead.  This  will  leave  clean,  bright  spots  at  the  points  of 
contact. 

Fitting  Brasses  is  a  piece  of  ^vork  that  is  now  usually  done 
on  a  machine,  but  which  is  sometimes  done  by  hand.  Brasses  that 
are  to  l)e  use<l  for  connecting  rods, 
and  which  are  made  in  two  pieces 
as  shown  in  Fig.  239,  have  a  ten- 
dency to  warp  after  the  machine 
work  has  been  done  upon  them. 
The  diflicultv  arises  from  their 
closing  along  the  diameter  A. 
ThiLs  if  the  brass  is  finished,  and 
the  hole  bored  out  to  the  proper 
diameter,  and  is  then  cut  apart  on 
the  line  CI),  it  will  be  found,  shortly  afterwaitis,  that  the  di- 
ameter A  is  less  than  the  diameter  B.  It  may,  therefore,  be 
necessary  to  bore  the  hole  somewhat  larger  than  the  work- 
i]ig  diameter.  The  kerf  made  by  the  saw  will  usually  allow 
the  parts  to  l)e  drawn  together  aUmg  the  diamet(»r  B  so  thnt  it 
will  nioi*e  than  }i:ake-  up  for  the  shi'inkage  at  A.  The  hole  can 
then  be  scm^xid  to  fit  the  pin.  The  brasses  should  always  be 
Tvcyed  solidly  metal  to  metal.  This  avoids  a  wear  of  the  sides 
and  edtres  of  the  metal  due  to  the  thrust  of  the  rod. 

Joints.  Where  a  gas  or  licpiid  is  to  l)e  retained  in  a  pi[^ 
or  other  vessel  without  leakage,  a  tight  joint  is  necessary.  The 
method  of  grinding  valves  to  their  seats  has  already  been  ex- 
plained.     In  that  case  it  was  shown  that  a   metallic   contact 
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between  the  valve  and  its  seat  is  all  that  is  required  In  oidei 
to  niake  it  a  tight  joint.  Two  surfaces  that  have  been  scraped  to 
(it  will  also  accomplish  the  same  purpose.  This  is  frequently  too 
expensive  an  operation  to  be  performed,  especiaUy  on  rough 
work.  In  such  places  a  soft  material  may  be  interposed  between 
the  two  surfaces.  Where  the  joint  is  to  be  a  jjermanent  one  and 
is  not  to  be  taken  down,  ttie  red  lead  joint  is  usually  employed. 
Tliis  consists  in  tlie  use  of  a  mixture  of  red  and  white  lead 
l>etween  the  joints.  To  ordinary  white  lead  ground  in  oil  add 
enough  dry  red  lend  to  make  a  paste  that  can  be  spread  without 
sticking  to  the  blade  with  which  it  is  applied.  After  tlie  mixture 
has  been  made,  it  will  be  improved  by  pounding  it  well  with  the 
hammer.  It  may  then  I>e  laid  between  the  two  pieces  of  metal 
forming  the  sides  of  tlie  joint  and  the  latter  be  drawn  together, 
lied  lead  joints  are  extensively  used  in  pipe  fitting.  The  red 
lead  has  a  tendency  to  rust  the  iron  ^vith  which  it  is  in  contact, 
and  thus  form  a  very  tight  connection  between  the  two  pieces. 
Whei-e  provision  is  to  be  made  for  taking  down  the  joint  at  a 
future  time,  it  is  Inciter  to  use  a  graphite  paste  made  for  the  pur- 
pose. This  does  not  rust  the  metal ;  it  forms  a  perfectly  tight 
joint  and  one  which  may  be  taken  down  witliout  difficulty  at 
any  time. 

Joints  that  are  subject  to  occasional  disconnecting  can  he 
best  held  by  a  disk  of  rubber  picking.  The  latter  is  cut  to  fit 
the  flanges  l)etween  which  the  joint  is  to  be  made,  and  they  are 
then  dniwTi  tightly  together. 

Joints  that  ai-e  to  Ije  frequently  taken  down  are  usually 
ixicked  with  a  piece  of  copi)er  wire.  Such  a  place  is  the  joint 
between  the  steam  chest  and  cylinder  of  a  locomotive  engine. 
A  groove  is  out  in  the  two  siirfjiees  and  a  copper  wire  is  laid 
therein.  This  wii*e  should  l)e  about  ^  inch  in  diameter.  Its 
size,  however,  depends  upon  the  joint  to  be  packed.  The  ends 
of  the  win^  are  soldei-ed  together  so  that  no  leakage  may  occur 
pist  the  ends. 

Another  form  of  joint  is  the  rust  johit.  This  is  always 
permanent  in  character.  The  making  of  such  a  joint  consists  in 
rusting  tlie  two  surfaces  together.  The  following  are  the  pro- 
portions by  weight  of  tlie  rusting  material:  100  parts  of  ixoo 
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turnings ;  1  part  of  sai  ammoniac,  and  ^  part  of  sulphur.  The 
setting  of  the  joint  can  be  hastened  by  increasing  the  amount  of 
sal  ammoniac  from  15  to  25  per  cent.  Mix  the  ingredients 
thonjughly  and  just  cover  them  widi  water. 

Fluting:  Rollers.  Where  feed  rollers  such  as  those  used  in 
wood-working  machinery  are  to  be  turned  and  fluted,  the  turning 
should  always  be  done  first.     This  insures  a  continuous  surface 

%■' 

for  the  cutting  tool.  W^here  old  roUei-s  ai-e  to  be  re-turned  and 
fluted,  the  same  rule  applies.  The  fluted  surface  may  Ix)  turned 
to  size.  The  lathe  tool  will  bi*eak  the  edge  of  the  ribs  away, 
but  when  the  fluting  is  done,  these  edges  are  again  made  smooth. 
The  fluting  can  be  done  on  a  planer  with  a  round-nosed  tool. 
The  roller  should  l)e  held  on  centers  and  clamped  so  that  each 
groove  may  be  presented  to  the  tool  in  succession.  A  planer 
center,  jis  illustrated  in  Fig.  178,  affoi-ds  a  convenient  method 
of  holding  and  turning  the  work. 

Scale.  Whenever  a  piece  of  cast  iron  is  to  be  turned,  the 
point  of  the  tool  should  always  be  made  to  work  beneath  the  scale. 
The  scale  is  the  haitl  oute^  shell  that  covei*s  all  cast  iron  as  it 
comes  from  the  foundry.  It  is  very  hard  and  brittle.  If  the 
edge  of  the  tool  is  made  to  work  in  or  against  it,  that  edge  will 
soon  l)e  dulled.  If  it  is  beneath  it,  the  raising  of  the  chip  cracks 
and  removes  the  scale. 

Pickling:.  Where  castings  are  to  be  worked,  either  in  the  lathe 
or  planer,  to  dimensions  only  a  little  less  than  that  when  rough, 
they  should  l>e  pickled.  This  consists  in  washing  them  with  a 
solution  of  sulphuric  acid  and  water.  The  castings  may  be 
either  submerged  in  or  swabbed  with  the  solution.  The  effect  of 
pickling  is  to  cause  the  scale  to  drop  off  in  flakes,  leaving  the 
metal  bare,  unprotected  and  rusty.  The  casting  should  tlicn  l)e 
washed  with  a  sal  soda  solution.  A  good  solution  for  this  work 
is  to  use  1  part  of  commercial  sulpiiuric  acid  in  10  parts  of  water. 
Cold  Chisels.  It  is  well  to  use  a  coarser  grade  of  ste(»l  for 
cold  chisels  than  for  lathe  or  planer  tools.  A  coarse-grained 
metiil  is  preferable  because  the  continual  hammering  in  use  and 
redressing  will  gradually  modify  the  granular  structure  until  it  is 
microscopic  in  its  fineness.  In  dressing,  it  should  never  be  heated 
above  a  cherry  red,  and  the  temper  should  be  drawn  well  down 
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so  that  the  soft  metal  hacks  up  the  edge.  A  capacity  to  i-eeeive 
a  limllitiide  of  griiidings  is  not  what  is  wanted.  Tlie  t<M)l  must 
Ih.  al)le  to  endure  the  severe  service  for  wliich  it  is  intended. 
It  must  cut  into  a  distorted  mass  of  metal,  where  every  blow 
gives  it  a  shock  tending  to  form  a  new  arrangement  of  its  parti- 
cles. It  never  receives  the  steady  pressure  of  the  lathe  tool, 
hence  its  powers  of  endurance  must  ho  greater. 

Lining  Shafting.  In  equipping  a  shop,  the  first  work  of 
the  machinist  is  the  erection  of  the  shafting.  The  main  line 
should  be  the  tirst  laid  out,  and  the  engine,  together  with  the 
jack  and  countei-shafting,  must  be  located  from  it.  Alter  placing 
the  hangei*s  as  nearly  as  pcxssible  in  a  hoiizontal  line,  the  shafting 
sliould  be  phiced  in  the  boxes  and  atttiched  to  llie  hangers.     For 
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liniuLj'  the  sliaft,  a  level  and  a  fine  grass  or  silk  line  are  indispen- 
sable. The  line  is  tiuhtlv  drawn,  horizontallv,  a  sliort  distance 
from  the  position  it  is  dc^sired  that  the  shaft  shall  occupy,  and 
the  distiince  from  the  surface  of  the  sliaft  to  the  line  is  measured 
and  made  equal  near  each  hanger  by  a  stick  such  as  is  shown  in 
Fig.  240. 

The  level  is  used  to  make  the  shaft  horizontal,  and,  if  the 
hangei*s  are  adjustable  in  two  planes,  the  operation  is  quite  rapid. 

When  other  shafting  is  to  be  erected  parallel  to  the  fii-st^  if 
the  distance  does  not  exceed  twelve  or  fifteen  feet,  a  long  stick 
such  as  shown  in  Fig.  241  may  \ye  used  by  driving  a  nail  into  the 
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end  of  the  stick  to  allow  some  ailjustinent.  The  level  is  used  Jis 
iH'foi-e. 

When  the  disliuice  is  gntat,  or  obstacles  invveiit  the  ust^  of 
the  stick  as  sug^^sted,  a  line  may  he  dniwn  ou  the  floor  of  the 
shop  by  dropping  a  plumb  line  fn)m  near  the  ends  of  tlu?  fii-st 
shaft  and  connecting  the  points  located.  Another  line,  directly 
under  the  desired  IcK^ation,  mav  l)e  drawn  by  direct  measurement, 
and  the  second  shaft  erected  by  dro2)ping  a  j)hnnb  line  t()  this 
second  floor  line  near  the  ends  of  the  second  shaft.  This  nu^tlnMl 
may  be  employed,  witli  such  variations  as  the  case  may  demand, 
even  though  a  floor  or  wall  l)e  l)etween  tlie  l(K*ations. 

In  leveling  up  long  lines,  or  around  machines,  or  thnni^^h 
walls,  the  hydrostatic  level  is  a  most  convenient  tool.  It  consists 
of  two  giiuluated  glass  tubes  set  in  suit;;ble  bases  and  connected 
by  a  rubber  tube.  When  the  rubl)er  tul)e  is  tilled  with  water, 
and  the  glass  tubes  placed  vertically  on  the  shaft,  the  fluid  sluudd 
st;ind  at  the  same  gradation  in  each  jL^lass.  These  levels  are 
made  with  self-iicting  valves  to  prevent  the  escai)e  of  the  fluid. 

When  pulleys  or  hangei*s  make  the  dinvt  application  of  a 
level    to    the  shaft   impracticable,  leveliujLf    hooks,  in  connection 
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with  a  wooden  straight-edge,  as  shown  in  Fi<:f.  240  are  very  con* 
venient.  These  may  1>6  liiinle  of  wood  or  metal,  and  of  len^^ths 
suitid)le  to  the  Ciise  in  hand. 

Machine  Setting.  Aftei  the  shaftlntr  is  crectiul,  comes  the 
setting  of  machines.  The  countershafts  k\;^  first  erect(Ml  parallel 
to  -the  main  line,  and  with  due  rei^ard  to  ilio  location  of  the 
machine.  The  machine  is  then  ])laced  with  ils'  driviiii^^  shaft 
parallel  to  the  counter  by  use  of  the  plumb  line,  and  the  platen, 
table,  or  other  horizon  till  surface  carefn.lly  leveictl,  in  two  planes. 
hy  wedging  up  the  machine  with  common  shinijfles.  It  is  thei/ 
secured  to  the  floor  by  lag  screws. 

When  the  machines  are  verv  Iknivv,  and  stont*  ^n-  masonry 
foundations  necessary,  anchor  bolts  are  built  into  the  foundation 
at  suitable   points   or   holes   drilled    for   expansion    bolts.     Tho 
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machine  is  then  lined  and  leveled  as  already  su«]^geste<l,  hut  tlie 
huttoni  (»f  the  machine  is  usually  a  rough  casting,  the  tup  of 
the  stone  foun<bition  is  still  rouirher,  and  as  the  wedws  are  likelv 
to  slip  out  under  the  jarring  of  the  machine,  a  [lermaneixt  support 
must  be  provided.  Tliis  may  be  done  by  }X)uring  melted  sulphur 
beneath  the  bed.  To  do  this,  build  a  dam  of  elaj'  or  sand  all 
around  the  bed  and  about  2  inches  high.  Melt  ordinary  stick 
sulphur  or  brimstone  in  ladles,  and  pour  in  at  several  points  at 
once.  Keep  the  space  flooded  until  the  dam  is  well  filled,  and 
allow  it  to  hai-den.  This  will  occur  very  quickly,  after  which 
the  dam  may  be  removed  and  the  sulphur  cut  away  from  the  edge 
of  the  machine.  Care  must  be  tiiken  that  the  tem{>erature  of  the 
sulphur  is  a.s  high  Jis  possible  before  pouring.  Unless  this  Ls 
done  it  will  cool  and  set  before  reaching  the  inmost  recesses  l)e- 
neath  the  machine.  It  will  then  crumble  because  of  insuflicient 
bearing  surface  to  carry  the  imposed  weight.  The  nuts  ai*e  then 
sci-ewed  down  on  tlie  bolts  and  the  machine  is  secure. 

Belting.  The  sliafthig  and  machines  are  usually  driven  by 
belting,  and  a  few  remarks  on  this  subject  may  l)e  desirable. 
I^eather  is  the  material  generally  employed,  and  the  belting  may 
l)e  from  single  to  six-ply  in  any  suitable  width.  Single  l)elting 
has  a  flesh  and  a  grain  or  hair  side,  and  shouhl  be  run  with  the 
grain  side  in  contiict  with  tlie  pulley.  Tiie  ends  are  cut  square, 
and  fastened  by  hooks,  coiled  wire,  or  rawhide  hieing. 

L(*ather  belting  is  injurc^d  l>y  water,  sU\im,  oil,  and  tempera- 
ture above  110°  F.  Where  such  conditions  exist,  cottcm  Iwlts, 
faced  with  thin  leather,  or  rubber  belts  may  Ik?  used.  These  belts 
liiv,  clieai>er  than  leather,  are  about  as  strong,  and  will  transmit 
power  as  elTectually ;  but  tlicv  will  n(»t  st;nid  nnitilation  of  the 
edges.  'J'his  is  a  [)oint  of  prinui  importance,  and  prohil)ib^  their 
use  in  many  cases. 

The  power  transmitted  by  a  belt  is  direc^tly  proportional  to 
its  sjKjed  and  width.  A  safe  rule  is  to  allow  (»ne  horse-power  for 
a  speed  of  1,000  feet  per  minute,  with  a  single-thick  l)elt  one  inch 
wide.  This  is  a  mon*  lil)eral  allowance  in  favor  of  the  belt  than 
is  usually  given,  but  will  increase  the  life  of  the  l>elt  in  far  greater 
proportion  than  the  increase  in  fii-st  cost  Double  belts  ^HU 
transmit  about  one  and  one-half  times  as  much  power  as  single 
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belts.  The  above  rule  applies  to  belts  running  over  pulleys  of 
equal  diameter,  or,  in  other  words,  to  cases  whei-e  the  arc  of  con- 
tact is  180°.  For  smaller  arcs  of  contact  use  the  coefficients 
found  in  the  following  table : 


90° 

1(X)° 

110° 

120° 

130° 

140° 

150° 

100° 

170° 

180° 

200° 

.ijo 

.70 

.75 

.79 

.83 

.87 

.91 

.94 

.97 

1. 

1.05 

To  inci-ease  the  jxjwer  transmitted,  either  increase  the  speed 
of  the  belt  by  using  hai-ger  pulleys,  or  use  a  wider  l)elt. 

A  3-inch  single  belt  is  running  over  a  24-inch  driving  pulley 
which  makes  200  R. P.M.  (revolutions  per  minute).  How  many 
H.P.  will  it  transmit? 

The  circumference  of  the  pulley  in  feet  is  2  x  3.1416  = 
6.2832  feet.  As  the  speed  of  the  pulley  is  200  R.P.M.,  the  si)eed 
of  the  l)elt  will  be  200  x  6.2832  =  1206.64  feet  per  minut<\  For 
every  inch  of  width  it  will  transmit  12o<l.64  h-  1000  =  1.2r)664 
H.P.  Then  a  3-inch  belt  will  transmit  3  x  1.25664  =  3.76992 
H.P.  Afis.  3.75  H.P.  (approx.). 

It  is  aesiied  to  increase  the  H.P.  in  the  above  example  to 
5  n.P.     How  may  it  l)e  done? 

(1).  By  using  a  wider  l)elt  in  the  proporticm  of  3.75  to  5. 
3.75  :  5  : :  3  :  4.  Ans,    By  using  a  4-inoh  belt. 

(2).  By  using  a  lai^er  pulley  in  the  same  proportion. 
3.75  :  5  ::  24:  32.  Ans,    By  using  a  32-ineli  pulley. 

(3).  By  using  a  double  belt.  1  : 1.5  : :  3.75  :  5.63.  Tliis 
would  give  a  little  better  result  than  recjuired. 
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PART  L 

As  generally  understood,  a  tool,  maker  is  a  machinist  who 
has  a  greater  knowledge  of  the  trade  than  is  simply  sufficient  to 
enable  him  to  make  such  machines  or  parts  of  machines,  <as  may 
be  the  regular  product  of  the  shop  in  which  he  may  be  employed. 

The  business  of  the  tool  maker  is  to  make  the  tools  for  pro- 
ducing the  different  parts  of  the  machine,  implement  or  apparatus, 
and  reLates  not  only  to  cutting  tools,  but  to  jigs  and  fixtures  for 
holding  the  work  while  the  various  operations  are  being  done,  and 
making  the  necessary  gauges  to  determine  when  the  different 
parts  are  of  tlie  correct  size  and  shape.  Also  the  making  of  the 
models  for  the  different  fixtures  and  gauges.  In  some  shops 
where  there  is  work  enough  of  the  two  latter  described  classes, 
the  tool  makers  regularly  employed  on  this  work  are  termed 
gauge  makers  and  model  makers  respectively.  Yet  in  the  aver- 
age shop  the  models  and  gauges  and  such  special  macliinery  as 
may  be  required  are  made  by  the  tool  maker. 

In  order  to  acquire  any  degree  of  success,  the  tool  maker  must 
not  only  be  able  to  work  accurately  and  within  reasonable  time,  but 
he  must  have  a  knowledge  of  drafting  to  enable  him  to  read  quickly 
and  accurately  any  ordinary  drawings.  Unless  he  can  read  deci- 
mal fractions  readily  and  accurately,  he  will  experienc(i  nmcJi  diffi- 
culty when  working  to  measurements  tliat  require  accuracy  within 
one  ten  thousandth  part  of  an  inch.  As  most  of  the  measuring 
instruments  used  by  the  tool  maker  read  to  one  thousandth  [)art  of 
an  inch,  and  some  of  them  to  the  ten  thousandth  part  of  an  inch, 
or  even  closer,,  it  will  be  readily  seen  that  in  laying  off  measure- 
ments for  gauges,  models,  drill-jigs  and  similar  work,  a  thorough 
knowledge  of  Arithmetic  is  essential. 

A  tool  maker  should  be  familiar  with  the  accurate  reading  of 
the  micrometer  and  of  the  vernier  as  applied  to  the  vernier  cali- 
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per,  vernier  »le|)tli  gaugt  und  vernier  beiglit  gu^e.  He  most 
Ijear  in  mind  wlicn  using  the  vernier  caliper  for  inside  meaanre- 
menta  that  it  is  net-essiiry  to  add  the  nmount  of  space  occupied  by 
the  ciihper  points  A  A  Fig.  1  to  the  apparent  reading  on  the 
r  side. 


&> 


FIB.  1. 

When  meiism-ing  the  distuii«;e  IJetween  the  centers  of  two 
holes  as  in  Fig.  2,  the  veniier  may  lie  set  so  that  tlie  portions  of 
the  jaw  marked  A  A  Fig.  1  will  exactly  Ciiliper  the  distance  from 
B  to  IV  in  Fig.  '2.  To  the  appiuent  reading  of  the  vernier  add 
the  space  oecitpLcd  liy  the  oalipcr  [loints.  and  from  this  subtract 
one-half  tin-  di:inu'li-i'  .if    i-at-h    <>i    thi;   hoh-s.      It    is  neces^an'  to 
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caliper  tlie  ske  of  eif^/i  hole.  Do  nut  lake  aiiytliing  for  granted 
wiien  accurate  mfasiircments  are  net-essary.  A  reamer  shoM 
alirai/n  eiit  an  exai't  sine,  but  experience  [.roves  that  it  does 
not  always  do  so.  If  the  si/.e  of  the  hole  is  taken  for  granted, 
a  variation  of  .iK.'i  iii'-li  means  an  error  <>f  .001  inch  in  ft  measur*' 
mciit. 
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While  extreme  care  should  be  exercised  where  accnrscy  is 
essential,  there  are  paits  of  a  tool  where  approximate  measure- 
ments will  do.  If  within  ^^  inch  is  sufficiently  accurate,  it  is 
folly  to  spend  time  to  get  a  dimension  within  a  limit  of  one  ten 
thousandth  part  of  an  inch. 

Approximute  measuremen  ta  are  those  made  with  the  aid  of 
calipers,  dividers,  aui-face  guage,  etc.,  set  to  an  ordinary  steel  rule. 
Precise  measurements  are  obtained  by  tlie  aid  of  the  various 
measuring  instruments  graduated  to  read  to  very  small  fractions  of 
an  inch.  Abo  by  the  use  of  standard  reference  discs,  and  standard 
t4^t  liars,  accurate  within  a  limit  of  variation  of  ^^^^rv  P'^''''  ^^  "" 
inch.     In  naing  the  micrometer,  vernier  or  any  of  the  measuring 


instruments  .sup[K>sed  ti)  give  accurate  readings,  it  is  necessaiy  to 
exercise  great  cure  in  setting  the  tools.  In  setling  the  vernier  it 
b  well  to  use  a  i>owerful  eye-glass  in  order  thiit  any  error  in  setting 
may  be  so  magnified  as  to  be  readily  appai-ent. 

The  diffei-ence  l>etween  the  two  elianidei-s  of  measurements 
descril)ed — ^approximate  and  precise  —  may  In;  readily  seen  in  the 
plug  gauge  shown  in  Fig.  3.  Tlie  gauge  end  A  must  be,  when 
ground  and  lapped,  exat-tly  1  inch  in  diameter,  its  shown  by  tlic 
slaiijp<!(l  size  on  the  handle  C.  The  liatrdle  should  be  ||-  inch  in 
diameter  and  knurled,  aiid  tlie  neck  \  imrli.  While  the  end 
marked  A  is  necessarily  p  fireche  meiusmemen t,  H  and  0  are  ap- 
proximate, and  an  error  of  ^'^  inch  or  more  on  either  diameter 
woulil  not  interfere  with  the  accuracy  of  tlie  giuige.  This  does 
not  mean  that  so  great  an  amount  of  variation  from  given  sizes 
should  ever  occur,  but  tlie  illustiation  is  given  to  show  tliat  the 
practical  workman  will  never  spend   an   unnecesssiry  amount  o( 
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time  to  produce  accurate  measurements  when  approximate  meas- 
urements will  do.  On  the  other  hand,  all  care  possible  should  be 
taken  when  lapping  the  gauge  end  A  to  size. 

Points  to  be  Observed.  Keep  the  working  parts  of  any 
machine  you  may  be  running  as  clean  as  i)OSsible.  Do  not  allow 
chips  to  collect  on  the  sheai-s  (Vs)  of  your  lathe.  If  tiiese  be- 
come roughed  or  worn,  accurate  turning  cannot  be  done.  Keep 
!.he  machine  thoroughly  oiled,  clejin  the  oil  holes  out  occasionally 
with  a  piece  of  wire,  in  order  that  the  oil  may  get  to  the  bearings. 
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Fiff.  5. 


Kee[)  the  ceiitei*s  of  your  lathe  in  good  (^oiKlition,  have  them  to 
gauge,  and  be  sure  the  live  center  runs  true  before  taking  any 
finisliing  cuts.  Try  the  center  gauge  on  your  countersink  occa- 
sionally to  see  that  it  maintains  its  correct  shape.  Keep  your 
center  punch  ground  to  a  good  point.  It  is  advisable  to  grind 
the  prick  punch  used  in  locating  working  points  in  some  form 
of  grinder  having  a  chuck  or  collet  to  hold  the  punch  while 
revolving  it  agaiucit  the  emery  wheel ;  if  the  point  is  not  perfectly 
round  it  will  be  impossible  to  indicate  a  piece  of  work  perfectly  on 
the  faceplate  of  the  lathe  by  means  of  the  center  indicator. 
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Special  Tools.  A  vernier  lieight  gauge  (Fig.  4)  is  a  very 
handy  tool  for  making  drill  jigs,  templets  and  other  tools  requir- 
ing very  accurate  measui*ements,  and  for  locating  working  points, 
holes  or  drill  bushings.  It  is  used  for  obtaining  the  height  of  pro- 
jections from  a  plane  surface,  or  the  location  of  bushings  in  drill 
jigs,  etc.  The  fixed  jaw  A  is  of  sufficient  thickness  to  allow  the 
gauge  to  stand  upright.  An  extension  C  attached  to  the  movable 
jaw  B  can  be  used  for  scribing  lines  when  laying  off  measure- 
ments. In  the  absence  of  a  height  gauge  the  reguhir  vernier  cali- 
per may  be  made  to  answer  the  same  purpose  by  making  a  base, 
which  may  be  attached  to  the  fixed  jaw  as  shown  in  Fig.  5. 
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A  small  angle  iron  having  a  slot  in  the  upright  face  to 
receive  a  scale  for  use  in  connection  with  a  surface  gauge  when 
laying  off  measui-ements  is  sliown.in  Fig.  6.  The  slot  should  be 
planed  perfectly  square  with  the  base  of  the  angle  iron. 

A  pair  of  accurately  machined  V  blocks  is  a  necessary  part  of 
every  tool  maker's  kit.  If  made  of  machinery  or  tool  steel  they 
will  not  need  truing  as  often  ns  if  made  of  cast  iron.  After 
roughing  out  the  Vs,  every  surface  should  be  planed  square. 
They  should  be  then  clamped  against  the  mil  on  the  planer  table 
by  means  of  finger  pieces,  having  [)reviou8ly  trued  the  edge  of  the 
rail.  The  head  of  the  planer  should  then  be  set  to  the  proper 
angle,  usually  45**,  and  one  of  the  angles  finished;  the  head  may 
now  be  set  over  the  opposite  way  and  the  other  angle  face  planed. 
The  tool  used  should  be  ground  to  give  a  smooth  cut,  as  it  is  not 
advisable  to  do  ai^  finishing  with  a  file  or  scraper. 
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A  few  small  gaages  of  the  most  common  angles  will  be  found 
veij  convenient,  as  they  can  be  used  in  places  not  accessible  inth 
the  ordinary  bevel  protractor;  the  angles  most  commonly  used  an 
60°,  6o^  70*>  and  80°.     The  form  of  gauge  is  shown  in  Fig.  7. 

If  the  tool  maker  should  be  called  on  to  make  punch-pmi 
dies,  one  or  more  angle  gauges,  as  shown  in  Fig.  8,  will  be  fonnd 
very  useful.  Many  die  makers  use  an  adjustable  square  having  t 
narrow  blade  which  piisses  through  the  aperture  in  the  die.  The 
amount  of  clearance  given  is  determined  by  the  judgment  of  the 
workman;  while  this  method  does  very  well  when  practiced  hy  an 
experienced  man,  it  is  rather  uncertain  when  attempted  by  the 
novice.  To  get  the  proper  clearance,  the  beginner  should  use  the 
gauge  shown  in  Fig.  8,  called  (improperly)  a  die  maker's  square. 
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Fig.  7. 


Fig.  8, 


The  angle  depends  on  tli(»  imture  of  the  stock,  and  the  custom  in 
the  iiulivicliial  shop  ;  but  a  set  (»f  three  gauges,  one  91%  one  91|% 
and  one  92°  will  meet  the  refpiirenients,  as  the  clearance  is  seldom 
less  than  1°  (»r  more  than  2°.  The  angle  should  be  stamped  on 
the  wide  part  of  the  gaui^e,  as  sliown  in  Fig.  7.  To  avoid  spring- 
ing out  of  shape  tlu^  stampin^^  should  Ikj  done  before  the  gauge  il 
finish-filed  at  any  point. 

The  tool  maker  should  always  have  at  hand  a  solution  of 
blue  vitriol  for  coloring  the  surface  on  which  he  is  to  draw  lines. 
To  make  the  solution,  dissolve  in  a  two-oimce  bottle  of  water  all 
the  blue  vitriol  crystals  the  water  will  Uxke  up ;  to  this  add  one* 
half  teasiX)onful  of  sulphuric  acid.  This  produces  a  coppeiKJoloreiJ 
surface  when  put  on  polished  steel  free  t^oin  grease  and  dirt 
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STEEL. 

Tool  steel  is  used  for  tools  intended  for  cutting,  pressing,  or 
working  metaLs  or  other  hard  materials  to  shape.  In  order  to 
successfully  work  tool  steel  a  knowledge  of  some  of  its  peculiari- 
ties is  necessary. 

Ciirl)on  is  the  element  in  tool  steel  that  makes  it  possible  to 
harden  it  by  heating  to  a  red  heat  and  plunging  into  a  cooling 
Uitli.  A  bar  of  steel  from  the  rolling  mill  or  forge  shop  is  decar- 
iKmized  on  its  outer  surface  to  a  considerable  depth ;  consequently 
tl)is  jxirtioii  will  not  harden,  or  if  it  does  the  results  will- be  far 
from  satisfactory.  For  this  reason  if  a  tool  is  to  be  niaxle  having 
cutting  teeth  on  its  outer  surface,  it  is  necessary  to  select  stock 
of  somewhat  greater  diameter  than  the  finish  size,  so  that  this 
dccarl)()iiized  portion  may  be  removed.  Alx)ut  r^^  inch  for  sizes  up 
to  }y  inch,  I  inch  for  sizes  up  to  1 J  inches,  ^^  inch  for  sizes  up  to  2 
inches,  and  ^  inch  for  sizes  above  2  inches  will  usually  l>e  sufficient. 

Tool  steel  may  be  procured  in  almost  any  form  or  quality. 
It  is  ordinarily  furnished  in  round,  octagonal,  square  or  flat  bars. 
Many  tool  makers  prefer  octagomil  steel  for  tools  which  are  to  be 
circular  in  shape,  but  experience  shows  that  steel  of  various  shapes 
of  the  same  make  does  not  differ  materially  provided  the  quality 
and  temper  are  the  same. 

Cutting  tools  should  be  made  of  high  carl)on  steel  if  it  is  to 
l)e  forged  or  hardened  by  skillful  operators.  If  the  steel  is  to  l)e 
heated  by  an  inexperienced  man,  it  is  not  safe  to  select  a  steel 
having  a  high  percentage  of  carbon. 

For  non-cutting  tools,  such  as  mandrels,  it  is  well  to  select  a 
low  carbon  steel  (one  per  cent  carbon  or  less),  because  with  this 
steel  there  is  not  as  great  a  tendency  to  spring  when  hardening. 

Hammered  steel  is  prized  more  highly  than  rolled  steel  by 
fine  tool  makers,  but  authorities  do  not  a;^ree  on  this  point.  It  is 
generally  conceded,  however,  that  the  b(»st  tools  can  l)e  made  from 
forgings  if  the  heating  and  hammering  have  l>een  correctly  done. 
The  steel  should  be  heated  uniformly  throughout,  and  hammered 
carefully  with  heavy  blows  at  first.  Light*^r  blows  should  follow, 
and,  when  tlie  piece  passes  from  low  red  to  black,  great  care  is 
needed  to  prevent  crushing  the  grain.  Steel  properly  heated  and 
hammered  will  have  a  close,  fine  grain. 
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Cmitim^9  fry*m  B^r,  It  is  advi^aible  when  cuttiiig  m  piece  of 
stock  from  tbe  Uir  to  iKe  a  nOtimg  tml  of  sonie  deaeriplioii,  itdi  ^ 
as  a  nv  or  catting-off  tooL  It  is  deddedly  poor  pnusliee  Id 
veaiken  the  bar  with  a  eold  chisel  and  then  faraak  hj  m  snddes 
bkiv  or  yank.  This  process  so  dtsarrai^es  the  paiticleB  of  stsdi 
that  thej  do  not  assame  their  proper  leladons  with  one  anodNT 
when  hardened.  If  it  is  necessary  to  cat  the  steel  with  a  duid 
heat  tlie  bar  to  a  red  keat^  as  it  may  then  be  cat  off  withoat  injoiy* 

CenUritu/.  When  centering,  care  shoald  be  taken  that  the 
center  punch  mark  is  exaetl}-  in  the  center  of  the  piece  on  esch 
end,  so  that  an  equal  amoant  of  the  decarbonized  material  will 
be  tamed  from  all  parts  of  the  piece  (see  Fig.  9.)  If  centered  ai 
shown  in  Fig.  1 0  the  decarbonized  portion  will  be  entirely  removed 


Fip.  1»  Fig.  10. 

at  Bide  marked  B,  and  will  not  1)6  on  the  side  marked  A,  conee- 
qiientlv  when  the  pieee  is  hardened  the  side  marked  B  will  be 
hard,  whih^  the  opjK)sit<*  side  A  will  Ije  soft,  or  at  least  not  as  hsud 

as  1^. 

Straft/hteHt/ff/,  A  pioee  of  tool  steel  that  is  to  be  hardened 
should  nrvrr  be?  straightened  when  eold.  If  it  is  bent  too  much 
to  HMnove  all  the  decarbonized  steel  when  turning  to  size,  it  is 
lK»st  (^en(»rally  six^akin^)  to  ust».  a  sti-aighter  piece  oif  stock.  But 
if  the  iMMit  pieei^  must  he  used,  heat  it  to  a  red  heat  and  stTAighteD. 
A  piece  of  sU^el  stniighttMied  when  cold  is  almost  sure  to  spring 
when  liardened. 

ANNEALING. 

In  onler  that  it  may  be  soft  enough  to  work  easily,  tool  steel 
must  1)6  annealed.  It  (;an  generally  be  bought  in  this  condition 
cheaper  than  it  can  be  annealed  when  needed  in  the  factory.    An- 
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lealing  also  removes  the  strains,  or  the  tendency  of  the  steel  to 
3raek  and  spiing  when  hai*dened.  Strains  are  caused  by  rolling 
md  hammering  in  the  steel  mill  or  forge  shop.  In  order  to 
^move  this  tendency  to  spring,  the  piece  of  steel  should  be 
Uiichined  somewhere  near  to  size,  yet  leaving  sufficient  stock  to 
nachine  all  over  after  the  annealing.  If  it  is  a  piece  with  a  hole 
n  it,  such  as  a  milling  machine  cutter  blank,  the  hole  should  be 
Irilled  somewhat  smaller  than  finish  size  (^^  inch  is  the  amount 
generally  allowed)  and  the  piece  turned  in  a  lathe  to  remove  all 
the  outer  surface  which  contains  the  marks  of  the  hammer  or  rolls. 
The  piece  is  now  ready  for  annealing.  To  anneal  a  piece  of  steel 
it  should  be  heated  to  a  uniform  red  heat  and  allowed  to  cool 
ilowly.     Steel  may  be  annealed  by  any  one  of  several  methods. 

Box  Annealing.  For  this  method  it  is  necassary  to  have  a 
furnace  large  enough  to  hold  an  iron  box  of  sufficient  size  to  take 
the  piece  to  be  annealed.  To  do  this  work  cheaply,  enough  pieces 
should  be  annealed  at  a  time  to  fill  one  or  more  boxes,  according 
to  the  capacity  of  the  furnace. 

The  material  used  in  packing  the  box  is  wood  charcoal,  which 
should  be  ground  or  pounded  until  the  particles  are  about  the  size 
of  a  pea.  A  layer  of  charcoal  covering  the  bottom  to  a  depth  of 
one  inch  is  first  placed  in  the  box,  then  a  layer  of  steel.  The  dif- 
ferent pieces  should  not  come  witliin  }  inch  of  each  other  nor 
within  1  inch  of  the  box  at  any  point.  The  spaces  between  the 
pieces  are  filled  with  the  charcoal,  and  they  are  covered  to  a  depth  of 
1  inch.  Another  layer  of  steel  may  be  put  in  if  the  box  is  of  suf- 
ficient size.  When  within  1^  inches  of  the  top  fill  with  charcoal, 
tamp  down,  put  on  the  cover,  and  lute  around  the  edges  with  fire- 
clay, to  prevent  the  direct  heat  of  the  fire  entering  the  box. 

Te8t  Wires.  There  should  be  several  |-inch  holes  drilled 
through  the  cover  near  the  center,  and  through  each  of  these  a 
piece  of  ^^  inch  wire  should  be  placed.  The  wires  should  extend 
bo  the  bottom  of  the  box  and  project  about  1  inch  above  the  top 
r)f  the  cover  in  order  to  be  readily  grasped  by  the  tongs.  These 
wires  are  intended  to  be  drawn  from  the  box  in  order  to  determine 
when  the  contents  are  red  hot.  The  box  should  be  placed  in  the 
Furnace.  After  the  box  has  become  thoroughly  heated,  one  of  the 
wires  may  be  drawn  out  by  means  of  a  pair  of  long  tongs.     If  no 
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such  tongs  are  available  the  legs  of  ordinary  tongs  may  be  length- 
ened by  pieces  of  gas  pipe.  Note  the  time  when  the  wire  is  red 
hot  the  entire  length.  If  not  red  hot  dmw  another  in  ten  or  fif- 
teen minutes,  and  continue  doing  so  until  a  wire  is  drawn  that  ii 
red  the  entire  length.  The  work  should  be  timed  from  the  time 
the  box  is  heated  through ;  this  is  shown  by  the  wire. 

The  heat  should  be  maintained  a  sufficient  length  of  time  to 
insure  a  uniform  heat,  which  should  not  be  allowed  to  go  above  a 
full  red.  The  length  of  time  the  pieces  remain  in  the  fire  depends 
somewhat  on  the  size  ;  for  steel  2  inches  and  under,  one  hour  after 
the  box  is  heated  through  will  do ;  larger  pieces  require  a  longer 
time.  After  running  for  the  necessary  length  of  time  the  heat 
should  be  shut  off  and  the  boxes  allowed  to  cool  slowly;  the 
pieces  should  be  left  in  the  box  until  cold. 

When  there  are  no  facilities  for  annealing  by  the  method 
described,  the  piece  may  be  he«ated  to  a  uniform  red  and  placed  on 
a  piece  of  board  m  an  iron  box,  having  one  or  two  inches  of  ashes 
under  the  board.  A  second  piece  of  board  should  be  placed  on 
the  steel  and  the  box  filled  with  ashes.  The  pieces  of  wood  will 
smoulder  and  keep  the  steel  hot  for  a  long  time. 

Another  common  method  of  annealing  tool  steel  is  to  heat  the 
piece  to  a  red  heat  and  bury  it  in  ashes  or  lime.  This  is  likely  to 
give  unsjitisfactorv  results  unless  the  ashes  or  lime  are  also  heated. 
This  can  be  aecom[)lishe(l  by  first  heating  a  large  piece  of  iron  and 
burying  in  the  contents  of  tlie  annealing  box.  When  the  steel  to 
be  annealed  is  sulHciently  heated  the  piece  of  iron  may  be  re- 
moved and  the  pi(»ce  to  be  annt^aled  put  in  its  place  and  thor- 
oughly buried  in  order  that  it  may  take  a  long  time  in  cooling;  it 
should  l)e  allowed  to  remain  in  the  ashes  or  lime  until  cold. 

There  is  another  method  of  annealing  practiced  in  some  shops, 
which  answers  in  an  eniernfency,  but  it  is  not  to  be  recommended 
for  general  use.  This  is  known  as  the  water  anneal.  The  piece 
of  steel  should  be  heated  to  a  low  red,,  making  sure  that  the  lieat 
is  uniform  throughout.  It  should  be  removed  from  the  fire  and 
held  in  the  air  where  no  draft  can  strike  it  until  no  trace  of  red 
can  l)e  seen,  even  if  the  piece  is  held  in  a  dark  place;  it  should 
then  bo  plunged  in  water,  and  allowed  to  remain  until  cold. 
Better  results  may  be  obtained  if  plunged  in  soapy  water  or  oil. 
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Long  piec6tf  wlueh  spring  wlien  annealed  should  noo  be 
stniightened  when  cold,  if  they  are  to  be  hardened. 

HARDENING. 

Tool  steel  may  be  hardened  by  heating  to  a  low  red  heat  and 
plunging  in  some  cooling  medium,  as  water,  brine  or  oil. 

Heating.  A  piece  of  steel  should  never  be  heated  any 
hotter  than  is  necessary  to  give  the  desired  result.  The  heat 
necessary  varies  with  the  make  of  the  steel,  the  amount  of  carbon 
it  contains,  the  size  and  shape  of  the  piece,  and  the  purpose  for 
wliich  it  is  t()  be  used.  Much  dei>ends  on  heating  uniformly;  a 
piece  of  steel  should  be  given  a  uniform  heat  throughout^  the  edges 
and  corners  should  be  no  hotter  than  the  center,  and  tlie  interior 
sliould  be  of  the  same  temperature  as  the  surface.  If  not,  the 
piece  is  likely  to  crack  in  the  cooling  bath,  on  account  of  the 
uneven  changes  which  take  place  in  the  molecular  structure. 
While  it  is  highly  important  that  the  steel  is  heated  no  hotter 
than  is  necessaiy,  yet  it  is  of  much  more  importance  that  it  be 
heated  uniformly. 

If  the  piece  is  heated  in  an  ordinary  forge,  be  sure  that  the 
air  from  the  bhist  does  not  strike  it.  For  a  large  piece  build  a 
large  high  fire ;  have  it  well  heated  through  l)efore  putting  in  the 
steel.  Use  the  blast  only  enough  to  keep  a  lively  fire  ;  have  the 
steel  well  buried  in  the  fire  in  order  that  the  aii  may  not  strike  it. 

Cooling.  When  the  piece  is  uniformly  heated  it  should  be 
plunged  into  a  suitable  bath  to  give  it  the  proper  hardness.  It 
must  be  worked  rapidly  up  and  down,  or  around  in  the  bath  in 
order  to  get  it  away  from  the  steam  generated  by  the  red  hot  steel 
coming  in  contact  with  the  liquid,  and  also  that  it  may  constantly 
come  in  contact  with  the  cooler  parts  of  the  bath.  If  the  piece  is 
long  and  slender  it  must  be  worked  up  and  down;  if  it  is  short 
with  teeth  on  the  outer  edge,  as  a  milling  machine  cutter,  it  should 
be  worked  around  rapidly  in  order  that  all  the  teeth  may  be 
cooled  uniformly.  If  it  is  flat  and  has  a  hole  tlirougli  it  whose 
inner  walls  must  be  hard,  it  should  be  swunof  back  and  forth  in 
order  that  the  bath  may  pass  through  the  aperture  and  at  the 
same  time  strike  both  faces. 

If  the  tool  is  not  to  be  hardened  all  over,  and  it  is  necessary 
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to  heat  it  higlier  than  the  point  where  the  hardening  is  to  stop,  it 
may  be  dipped  in  the  bath  to  a  point  a  trifle  higher  than  we  wbh 
it  to  harden,  and  tlion  worked  up  and  down  a  little.  If  this  is  not 
done  tliere  will  be  a  line  where  tlie  piece  is  expanded  at  one  side 
and  contracted  on  tlie  other;  it  is  likely  to  crack  at  this  line, 
whicli  is  called  a  '"  water  line." 

Delicate  articles,  or  those  tools  having  long  projections  or 
teeth, should  not  be  dipped  in  a  bath  of  very  cold  water  or  brine; 
for  such  work  a  tepid  bath  gives  l)etter  results. 

Steel  should  always  be  liardened  at  a  hesit  that  leaves  the 
grain  fine  wlien  the  piece  is  broken.  This  can  be  determined  by 
hardening  and  breaking  a  small  piece  from  the  same  bar  from 
which  tlie  tool  to  be  is  made.  A  coarse  (jrain  denotes  aheatbigher 
than  the  steel  should  receive. 

It  will  be  found  necess- 
ary when  heating  some  kinds 
of  steel  to  put  the  articles  in 
an  iron  tul>e  so  that  air  cannot 
come  in  contact  with  them; 
this  is  especially  true  when 
liardeiiing  such  tools  as  taps 
or  formed  mills  whose  outer 
surfaces  cannot  be  ground, 
l)ecause  the  oxygen  in  tlu»  air  actinia  on  the  carbon  at  the  surface 
of  the  piece  of  steel  hurtin  it,  leaving  the  surface  decarbonized. 
Better  results  (!aii  be  obtained  with  any  tool  if  it  is  kept  from 
the  action  of  the  iire  wIumi  heiitiiig  for  hardening. 

When  hardening;  a  piere  havinj^^a  shoulder  A,  on  the  outside,  as 
shown  in  Fiu^.  11,  or  inside,  as  shown  in  Fig.  12,  hardening  shouhl 
not  stop  at  the  sjioulch^r,  as  tlu»  un(M]nal  strains  occasioned  by  the 
contnietion  of  the  hardened  part  at.  tlit^  shoulder  are  likely  to 
cause  it  to  crack  at  that  point.  The  piece  should  not  be  hardened 
as  high  as  the  sluudder,  but  slioiiM  it  Iw  necessary  to  do  so,  it  i.s 
well  to  harden  a  little  bevond. 

Citric  Acid  Bath.  An  c\cellent  bath  for  hardeniuij  small 
piee.es  may  bo  made  by  dissolving;  one  ])onnd  of  citric  acid 
(jrystids  in  one  gallon  of  water.  It  slionld  be  kept  tightly  closed 
when  not  in  use  or  it  will  evaporate.     Small  tools  heated  to  a  low 
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red  heat  And  dipped  in  this  ..olution  harden  more  aniformly  than 
when  immersed  in  clear  water. 

Pack  Hardeninz  gives  excellent  results  with  pieces  that 
c;innot  be  haideiied  by  the  methods  ordinarily  employed  without 
riak  of  springing  or  cracking.  The  article  is  packed  in  an  iron 
box  with  some  carbonaceous  material,  and  subjected  to  the  actioi] 
of  heat  to  allow  it  to  absorb  enough  carbon  to  harden  in  oil. 
While  this  method  is  not  generally  used,  it  is  very  valuable  when 
hardening  such  pieces  as  ntiUing  machine  cutters,  blanking  dies 
for  punching  presses,  gauges,  and  taps  where  it  is  necessary  that 
the  diameter  and  pitch  are  not  altered.  The  carbonaceous  mate- 
rial is  charred  leather,  which  should  be  ground  or  pounded  very  fine 
(usually  about  one-half  the  size  of  a  pea),  and  mixed  with  an  equal 
quantity  (volume)  of  wood  charcoal  whose  granules  are  of  about 
the  same  size.  These  should 
be  thoroughly  mixed.  An 
iron  box  somewhat  larger 
each  way  than  the  piece  to 
be  hardened  should  be  select- 
ed. A  layer  of  the  packing 
material  one  inch  deep  should  Fik-  12. 

be   placed   in  the  bottom   of 

the  box  and  the  piece  laid  on  this;  the  box  should  then  be  filled 
with  the  packing  material  and  tamped  down.  Fill  the  space 
between  the  cover  and  the  box  with  fire  clay,  thus  sealing  it  so 
that  the  gases  in  the  box  cannot  escape  and  the  direct  heat  of  the 
fire  cannot  get  into  the  box. 

It  ia  much  more  economical  to  pack  a  number  of  pieces  at 
a  time,  as  several  may  be  hardened  at  the  cost  of  one,  and  at  a 
saving  in  packing  material.  The  pieces  should  be  wired  with 
ordinary  iron  binding  wire  of  a  sufficient  sixe  to  sustain  the  weight 
when  the  wire  is  red  hot.  One  end  of  the  wire  should  project 
over  the  outside  edge  of  the  Imx,  and  slionhl  Ijc  covered  with  tlie 
luting  of  fireclay.  Seversil  holes  should  be  drilled  near  the  center 
of  the  cover  for  test  wires,  as  when  annealing.  The  wires 
should  extend  to  the  bottom  of  the  box.  The  I)ox  may  now  l)e 
heated  sufficiently  to  charge  the  pieces  with  carbon.  As  steel 
does  not  commence  to  absorb  carlx^n  until  it  is  red  liot,  the  time  is 
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detenninetl  by  mear-.-  of  the  rest  wires  as  described  under  ^  Anneat 
i:.;^.*'     F'or-  T'llr^iuy  z»<'^  '?  : no h^iLnneter  ;ind  ander,  nm  1  hoar  to 

1  i  lo/nj>  after  I:  U  r»^i  h  t :  DL^.»rS  from  J  inch  to  1  inch  diameter, 

2  tM  2';  Lours:  DLrr«:es  fr'>m  2  to  3  inches  diameter,  2^  to  4  boon. 
The  above  mu^c  ije  varit^tl  according'  to  the  nature  of  the  work. 

After  nr^^CLinlr.r  in  the  fainajje",  the  box  sh-iold  be  taken  oat, 
the  c«-Ter  removal.  an<l  the  piece  taken  r.ut  bj  means  of  the  wire 
atta«':hed  to  it.  It  >ho:iL»l  then  l)e  iramer^»ed  in  a  bath  of  raw  lin- 
ieed  oil.  The  piet^e  5h«>uld  be  work^ril  an>und  in  the  bath  until 
Uie  red  has  d:a.t:'{«*  aieii ;  it  may  be  then  lowered  to  the  bottom  of 
the  bath  and  ;iilo'.veiJ  t«>  n^main  until  cold. 

When  a  pi^oe  of  steel  one  inch  in  diameter  or  larger  is 
hardened,  it  should  htt  rrheated  orer  the  fire  immediately  on 
taking  out  of  tiie  Ixith,  in  order  to  avoid  cracking,  from  the 
strains  Ciiuse«l  by  rntiU'r^iLir  changes  which  t;ike  place  after  the 
outside  .>uriace  is  i:ar»lr'ue«l  and  unable  to  vield  to  the  internal 
Strains.  Reheating  the  surface  to  a  temperature  of  about  212* 
will  accomplish  the  desired  result  without  materially  softening  the 
stceL 

TEnPERINQ. 

llie  hardenincT  of  a  cuttinir  to.^1  makes  it  too  brittle  to  stand 

up  wt'll  wii-^n  i!i  u<e,  anl  C'»!i-^.'«|uently  it  is  necess*\ry  to  soften 
it  somewhat.  This  Ls  kn-'W::  ;is  '•  drawing  the  temper,'*  and  is  ao- 
complishe<l  by  irheatiiis^  to  the  pro{)er  temperature,  which  is 
ordinarily  (It-terniinrd  hv  the  riAnr  of  the  surface  of  the  tool, 
which  must  be  l)riL:ht»*ne  I  prviois  to  this  operation.  As  the 
piece  of  stt-t-l  is  h»'atcd,  a  Hiriit.  ^h-licate  stiiiw  color  will  appear; 
then,  in  onl^r,  a  dfr[)  straw,  lii^lit  brown,  darker  bi*own,  light 
purple,  daik  })ur[)lt%  dark  blue,  pah*  bhie,  blue  tinged  with  green, 
black.  WinMi  black,  thr  temper  is  p)no.  These  coloi*s  furnish  a 
guide  to  the  rendition  of  liaichMied  .sttM-h 

The  f(»ilo\ving  list  gives  the  color  denoting  the  tempers  gen- 
endlv  us(*(l  for  tools: 

Lij;lit  straw  For  lathe  and  planer  tools,  scrapers  for  brass,  eto. 

Deep  straw  For  niillin;r  cutters,  reamers,  large  taps,  etc. 

Brown  For  twist  drills  drifts,  flat  drills  for  brass,  etc 

Li^jlit  purple  For  auL'nrs,  screw  s]ottiii«x  saws,  etc. 

Dark  i)urpl«  For  saws  fur  uoo<I,  cold  chisels,  bcrewdrivers,  ete« 
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Tlie  following  table  gives  the  degree  of  heat  corresponding  to 
the  different  colors  mentioned  in  the  previous  table. 

Light  straw  430  degrees  F. 

Deep  straw  4^  degrees  F. 

Brown  600  degrees  F. 

Light  purple  630  degrees  F. 

Dark  purple  650  degrees  F. 

Dark  blue  670  degrees  F. 

Pale  blue  610  degrees  F. 

Blue  tinged  with  green  630  degrees  F. 

When  work  is  tempered  in  large  quantities  the  above  method 
is  expensive.  Also  it  is  not  as  reliable  as  when  the  articles  are 
heated  in  a  kettle  of  oil,  using  a  thermometer  for  indicating  the 
temperature.  A  piece  of  perforated  sheet  metal  or  wire  cloth 
should  be  used  to  keep  the  articles  two  or  three  inches  from  the 
bottom  of  the  kettle.  A  perforated  sheet  iron  pail  two  inches 
smaller  in  diameter  than  the  kettle,  resting  on  a  piece  of  iron,  or  a 
frame  placed  in  the  bottom  will  keep  the  pieces  from  the  sides 
and  bottom  of  ihe  kettle. 

The  thermometer  should  be  placed  in  the  kettle  outside  the 
pail  in  order  that  the  bulb  may  be  at  the  same  depth  as  the  lower 
pieces. 

Case  Hardenins:.  When  an  article  of  wrought  iron  or 
machinery  steel  is  to  have  a  hard  surface  it  is  treated  while  red 
hot  with  some  material  which  forms  a  coating  or  case  of  steel, 
which  hardens  if  dipped  in  water  while  red  hot.  Small  articles 
such  as  nuts,  screws,  etc.,  may  be  case  hardened  by  heating  red 
hot  and  covering  with  a  thin  layer  of  powdered  cyanide  of  po- 
tassium; wlien  the  cyanide  of  potassium  melts,  the  article  may 
be  heated  red  hot  again;  it  is  then  plunged  into  water.  Care 
should  be  exercised  when  using  this  substance,  as  it  is  extremely 
poisonous. 

The  above  method  may  be  used  for  hardening  a  few  pieces 
quickly,  but  it  is  not  recommended  for  large  (quantities  of  work. 
When  many  pieces  are  to  be  case  hardened  at  a  time,  the  follow- 
ing method  will  be  found  less  expensive  and  much  more  satis- 
factory : 

Granulated  raw  bone  and  granulated  charcoal  should  be 
mixed  in  equal  quantities,  and  a  layer  of  this  mixture  placed  in 
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an  iron  harden ing-box  to  the  depth  of  1  or  1^  inches.  A  layer  of 
articles  is  then  placed  on  this ;  the  pieces  should  not  come  within 
J  inch  of  each  other,  nor  within  1  inch  of  the  walls  of  the  box  at 
any  point ;  they  should  be  covered  with  a  layer  of  the  mixtare  of 
bone  and  charcoal  to  the  depth  of  ^  inch.  Successive  layers  may 
be  placed  in  the  box  until  it  Ls  filled  to  within  1  inch  of  the  top, 
when  the  cover  may  be  put  in  place  and  the  edges  luted  with  fire 
clay.  The  test  wires  should  be  used  as  described  for  annealing. 
The  heating  should  be  timed  from  the  time  the  contents  of  the 
box  are  red  hot,  which  can  be  determined  by  the  test  wires.  The 
length  of  time  the  work  is  allowed  to  run  while  red  hot  depends 
upon  the  desired  depth  of  the  hardened  surface ;  generally  carbon 
will  penetrate  wrought  iron  ^  inch  in  twenty-four  hours,  but  as  it 
is  rarely  necessary  to  harden  deeper  than  ^^  inch,  the  work  may 
be  kept  red  hot  three  to  four  hours.  With  small  pieces,  the  con- 
tents of  the  hardening-box  may  be  dumped  into  a  tank  of  running 
water;  if  the  pieces  are  large,  it  is  necessary  to  dip  them  one  at  a 
time  in  a  bath,  the  same  as  for  tool  steel.  For  extreme  tough- 
ness, the  pieces,  if  small,  may  be  dumped  into  a  perforated  sheet- 
metal  pan  and  the  packing  material  sifted  out^  after  which  they 
may  be  placed  in  a  bath  of  oil ;  if  not  sifted  out,  the  packing 
material  will  stay  at  the  top  of  the  oil  and  set  fire  to  it.  If  the 
pieces  are  large,  tliey  may  be  dipped  one  at  a  time. 

Spring  Tempering.  A  piece  of  steel  may  be  spring  tempered 
by  first  hardening  and  then  drawing  the  temper  to  a  degree  to 
which  the  piece,  when  bent,  will  return  to  its  normal  shape,  when 
the  pressure  is  removed.  Tliis  may  be  accomplished  by  covering 
the  surface  witli  tallow  or  some  animal  oil,  and  then  heating  imtil 
the  oil  catches  fire  from  the  heat  in  the  piece. 

DRILLS. 

The  forms  of  drills  commonly  used  in  the  machine  shop  are 
the  flat  drill,  single-lip  drill  and  twist  drill. 

Flat  Drills,  intended  for  use  in  the  engine  lathe  for  chuck- 
ing, are  usually  forged  to  shape  in  the  forge  shop.  After  center- 
ing the  end,  which  rests  on  the  tail  center  of  the  lathe,  the  lips 
are  ground  to  shape  and  the  drill  is  ready  for  use.  A  drill  of  this 
description  is  shown  in  Fig.  13. 
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If  it  is  necessary  to  have  the  drill  cut  nearly  exact  to  size,  it 
should  be  forged  somewhat  wider  than  finish  size,  and  the  edges 
turned  in  the  lathe  as  in  Fig.  14.  The  projection  A  must  be  left 
on  the  cutting  end  to  provide  a  center  for  turning.  If  the  drill  is 
to  be  ground  to  size  after  hardening,  the  projection  must  be  left 
on  until  the  grinding  has  been  done,  but,  ordinarily,  this  class  of 
drill  is  not  intended  to  cut  exact  enough  to  require  grinding. 
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Fig.  13. 

If  the  edges  of  the  drill  are  not  to  be  ground  to  size,  they 
should  be  draw-filed  a  small  amount  to  avoid  binding.  The  filing 
should  not  come  within  ^^  inch  of  the  edge,  and  should  be  only  a 
small  amount  (.003  or  .004  inch  will  be  found  sufficient)  ;  if 
given  too  much  relief  the  drill  will  jump  and  chatter.  The  shank 
should  be  somewhat  smaller  (^^^^  to  ^^  inch)  than  the  cutting  end 


y" 
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in  order  not  to  touch  the  sides  of  a  hole  drilled  deep  enough  for 
the  shank  to  enter.     The  center  in  the  shank  end  should  be  large 
to  insure  a  good  bearing  on  the  tail  center  of  the  lathe,  as  shown 
at  A,  Fig.  13. 

When  hardening,  the  drill  should  be  heated  a  low  red  to  a 
point  above  the  cutting  end,  preferably  about  one-half  the  length 
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jf  the  portion  turned  smaller  than  the  ends.  When  dipped  in  the 
bath  it  should  be  plunged  about  one  inch  above  the  cutting  end. 
To  insure  good  results  it  should  be  worked  up  and  down  and 
around  in  the  bath,  which  may  be  either  water  or  brine.  The 
temper  should  be  drawn  to  a  brown  color. 

When  a  flat  drill  is  intended  for  use  in  a  drill  press,  the 
shank  is  h?ft  rcmnd,  in  order  that  it  may  be  held  in  a  chuck  or 
collet. 


B 


M 

Fig.  16. 

Traiiafpr  DrilL  Another  form  of  flat  drill  termed  a  transfer 
drill,  18  very  useful  when  a  small  hole  is  to  be  transferred  from  a 
larger.  The  shank  C,  Fig.  15,  may  be  made  of  any  convenient 
size ;  the  portion  B  is  of  the  size  of  the  larger  hole,  while  A  is  of 
the  size  of  the  hole  to  be  transferred,  and  is  a  short  ^af  drill. 

When  making  this  drill,  if  a  lathe  is  used  having  draw-in 
split  chucks,  the  drill  may  be  made  from  drill  rod,  which  should 
be  enough  larger  than  finisli  size  to  allow  B  to  be  turned,  to  insm'e 
its  running  true  with   A  ;  the  cutting  part  A  may  be  milled  or 


Fig.  16. 


filed  to  thickn(»ss.  The  cutting  lips  nre  then  backed  oflf,  and  the 
drill  hardened.  It  should  Ix?  liaidtMied  high  enough  so  that  A  and 
B  are  hard,  as  the  portion  A  does  the  cutting,  while  B,  being  a 
running  fit  in  a  hole,  is  likely  to  rouufh  if  it  is  soft. 

To  harden  it  should  be  heated  in  a  tul)e  and  dipped  in  water 
or  brine,  and  worked  up  and  down,  to  avoid  soft  spots  caused  l)y 
steam  keeping  the  water  from  the  metal,  as  sometimes  happens 
when  a  piece  has  different  sizes  close  together.  The  cutting  por- 
tion A  should  b<»  drawn  to  a  deep  straw  color;  B  should  be  left  aa 
hard  as  possible,  to  resist  wear. 
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Straightway,  or  stniiglit  fluted  drills,  have  the  flutes  cut 
parallel  to  a  plane  ptissing  thi*ough  the  ax,»3  of  the  drill,  as  shown 
in  Fig.  16.  They  are  used  in  drilling  brass,  and  in  drilling  iron 
and  steel  when  the  holes  break  into  one  another,  as  shown  in 
Fig.  17. 

The  smaller  sizes  may  be  made  of  drill  rod.  After  cutting  to 
length,  tlie  blank  may  be  put  in  a  chuck  in  the  lathe  and  the  end 
{K)inte(l  to  the  proper  cutting  angle.  When  milling  the  flute,  the 
sh.ink  may  be  held  in  the  chuck  on  the  end  of  the  spiral  head 
spindle.  The  hciid  should  be  set  at  an  angle  that  makes  the  flute 
deeper  at  the  cutting  end  of  the  drill  tlian  at  the  shank  end ;  this 
causes  an  increase  of.  thickness  at  tlie  shank,  thus  making  the  drill 
stronger  than  if  tlie  flutes  were  of  uniform  depth  throughout.    The 
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milling  cutter  should  be  of  a  shape  that  will  make  the  cutting 
fjice  of  the  drill  a  straight  line  when  the  drill  is  ground  to  the 
proper  cutting  angle.  The  corner  should  be  somewhat  rounded. 
The  general  shape  of  the  cutter  is  shown  in  Fig.  18. 

Single  Lip  Drill.  For  certain  cliisses  of  work  the  single  lip 
drill  is  very  useful.  Having  but  one  cutting  edge  its  action  is 
similar  to  that  of  a  boring  tool  used  for  inside  turning  in  the 
engine  lathe.  The  body  of  the  drill  being  the  size  of  the  hole 
drilled  insures  its  cutting  a  straight  hole,  even  when  used  in  drill- 
ing work  partly  cut  away,  or  castings  having  blow-holes  or  similar 
imperfections.  It  does  not  cut  as  rapidly  as  the  other  forms,  con- 
sequently is  not  used  where  a  twist  drill  would  do  satisfactory 
work.  Fig.  19  shows  a  form  of  single  lip  drill  to  be  used  with  a 
bushing.  The  steel  for  this  drill  should  be  somewhat  larger  than 
finish  size,  in  order  that  the  decarlK)!uze(l  surface  may  be  removed; 
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the  cutting  end  A  and  the  shank  B  should  be  tamed  .014  to  .020 
inch  htrger  than  finish  diameter  to  allow  for  grinding  after  the 
drill  is  hardened.  The  portion  C  should  be  tamed  to  finish  ^ze 
and  stamped.  In  order  tliat  the  drill  ma;  be  ground  to  size  after 
it  is  hardened  it  will  be  found  necessary  to  ^e  the  end  back, 
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Fig.  19. 

leaving  the  projection  containing  the  center  as  shown  at  A  in  Fig. 
20.  The  cutting  end  siiould  he  milled  to  exactly  one-half  the 
diameter  of  B.  After  milling,  the  face  C  should  be  draw-filed 
until  it  is  flat  and  smnnth.     ^^1len  hardening,  the  drill  should  be 
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Fig.  m. 

slowly  heiited  to  a  low  red,  ii  tiifle  higher  than  the  portion  that  is 
to  l)e  i;iittiiig  sizi' ;  it  s1i"uld  be  plunged  in  a  bath  of  warm  wat«r 
or  Wiinn  brine  in  oixIlt  to  avoid  iis  far  as  possible  any  tendency  to 


Fig.  21. 

springing  or  cnicking  in  tiie  projection  A.  Tlio  tendency  to  crack 
is  due  to  its  iK'Culiiir  shape  and  tlio  difference  in  its  size  and  that 
of  the  drill.     After  hiiideniiig  it  may  lie  dnnm  to  a  stmw  color. 

When  grinding  it  is  advisable  to  grind   the  shank   first,  in 
order  tluittlio  grinding  nmeliiue  maylw^  adju-iled  to  grind  straight^ 
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after  grinding  the  shank  and  cutting  end  to  size,  the  projection  A 
may  be  ground  off,  and  the  cutting  end  given  the  required  shape, 
as  shown  in  Fig.  21. 

When  a  single-lip  drill  is  to  be  used  on  iron  and  steel  and  not 
upon  hrM^s,  it  may  be  made  to  cut  more  freely  by  giviug  the  cut- 
ting-face i-ake,  as  shown  in  Fig.  22.     This  may  be  done  by  mill- 


Fig.  22. 

ing  the  portion  A  to  tliQ  proper  dimensions,  which  should  be 
one-half  the  diameter  of  the  blank.  The  end  and  sides  of  the 
drill  may  now  be  coated  with  the  blue  vitriol  solution  and  the 
desired  shape  marked  out,  after  which  it  may  be  placed  in  the 
milling    machine    vise    at   the    proper   angle,    and    the    required 


Fig.  23. 

amount  of  rake  given  by  means  of  small  end  cutters.  After 
giving  the  necessary  end  clearance  as  shown  in  the  two  views  of 
Fig.  22,  the  drill  is  ready  for  hardening. 

In  order  to  adjust  a  drill  of  this  kind  to  compensate  for  wear, 
it  may  l>e  made  as  shown  in  Fig.  23,  in  which  one-quartvr  of  the 
circumference  is  cut  away  at  A  and  a  blade  or  cuttei-  fastened  in 
position ;  the  top  face  of  the  cutter  sliould  be  radial.  To  com- 
j)ensate  for  wear,  pieces  of  paper  or  thin  sheet  metiU  may  be 
inserted  under  the  blade. 
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The  cutter  is  placed  on  the  arbor  directly  over  the  center  of 
the  drill,  and  the  bed  is  set  at  the  angle  of  spiral,  as  given  in  the 
following  table : 


Diam- 
eter 
of 
DriU. 


i 

i 

I 

i 
fir 


Thickness 

Pitch 

of 

in 

Cutter. 

Inches. 

H 


1  .'» 
Tff 

7. 

H 

u 

1 


.06 

.67 

.08 

1.12 

.11 

1.67 

.15 

1.94 

.19 

2.92 

.23 

3.24 

.27 

3.89 

.31 

4.17 

.35 

4.80 

.39 

5.33 

.44 

0.12 

.50 

0.48 

.50 

7.29 

.02 

7.02 

.70 

8.33 

.77 

8.05 

Gear 

on 

Worm. 


24 
24 
24 
32 

24 
40 
56 
40 
40 
48 
50 
56 
50 
04 
48 
80 


First  Gear 
on 

Second 
Gear 

Gear 
on 

Stud. 

on 
Stud. 

Screw. 

86 

24 

100 

86 

40 

100 

64 

32 

72 

64 

28 

72 

64 

56 

72 

48 

28 

72 

48 

24 

72 

72 

48 

64 

64 

56 

72 

40 

32 

72 

40 

28 

64 

48 

40 

72 

48 

40 

64 

48 

32 

56 

32 

40 

72 

48 

28 

56 

Ansle 
Spiral. 


lO''  20' 

19*  20' 
19°  25' 
21** 
20** 
21** 

20M0' 
20^  30' 
26** 

20*  1 2' 
10**  30' 
20** 

19**  20' 
19**  50' 
19**  30' 
1 9**  20' 


The  depth  of  groove  in  a  twist  drill  diminislies  as  it  ^y^' 
proaehes  tlie  sliaiik,  in  order  to  obtain  increased  strength  at  the 
place  wliere  the  drill  is  otherwise  generally  broken.  The  variation 
in  depth  depends  on  the  desired  strength  or  the  use  of  the  drill. 
To  obtain  the  neoessary  variation  of  depth,  the  spindle  of  the 
spiral  head  is  elevated  somewhat,  depending  on  the  length  of  the 
flute  to  be  cut ;  when  less  than  2  inches  in  length  the  angle  should 
be  \  degree:  o  inches  and  over  in  length,  1  degree.  Usually  this 
will  be  found  satisfactory,  but  for  extremely  long  drills  the  eleva- 
tion must  exceed  these  amounts.  The  outer  end  of  the  drill  must 
be  su[)i)orte(l,  as  shown  in  Fig.  27,  and  when  small  should  be 
pressed  down  lirmly  until  the  cutter  lias  passed  over  the  end. 

It  is  somewhat  bi»tter  to  use  left-handed  cutters,  so  that  the 
cut  may  be^in  at  the  shank  end,  in  order  to  lessen  the  tendencv 
of  lifting  the  drill  blank  from  the  rest.  When  large  drills  are 
held  by  the  centers  the  head  should  be  depressed  in  order  to 
decrease  the  depth  of  the  groove  as  it  approaches  the  shank. 
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nary  miiclune  shop ;  but  at  times  a  special  size  or  length  of  drill 
is  needed,  or,  for  some  cause,  it  is  necessary  to  make  them. 

For  the  smaller  sizes  it  is  best  to  use  commercial  drill  rod. 
For  drills  larger  than  J  inch  diameter  select  Lirger  stock  and  turn 
it  to  the  desired  size.  If  true  holes  of  the  size  of  the  drill  are 
required,  it  is  advisable  in  the  case  of  drills  larger  than  ^  inch 
diameter,  to  turn  them  .010  to  .015  inch  larger  than  finish  size, 
and  grind  to  the  required  size  after  hardening.  A  projection  (Fig. 
25)  containing  the  center  should  be  left  on  the  cutting  end  of  the 
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Fig.  25. 

drill  until  after  the  grinding  has  been  accomplished.  After  cut- 
ting the  flutes  ancl  grinding  the  drill,  the  projection  may  l)e  ground 
off  and  the  cutting  lips  ground  to  the  proper  shape,  as  shown  in 
Fig.  26. 

When  making  drills  of  the  smaller  sizes  from  drill  rod,  the 
blanks  may  be  cut  and  pointed  to  the  proper  angle  on  the  cutting 
end ;  this  may  be  done  in  the  lathe  holding  the  blank  in  a  chuck. 


Fig.  26. 

'I'he  proper  angle  is  59°  from  one  side  of  the  blank.  When  mill- 
ing the  flutes  of  a  twist  drill  on  a  universal  milling  machine,  the 
shank  of  the  drill,  if  straight,  may  be  held  in  a  chuck  or  collet  of 
the  right  size,  and  if  very  long  may  be  allowed  to  pass  through  the 
spiral  head. 

The  following  explanation  and  table  are  taken  from  Brown 
&  Sharpe  Co.'s  book,  entitled  ^^Construction  and  Use  of  Milling 
Machines,"  and  are  intended  f(u*  use  witli  the  cutters  manufactured 
by  them  when  cutting  the  flutes  in  twist  drills. 
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The  point  C  as  shown  in  the  enlarged  view.  Fig.  28,  shows 
wliere  the  cutting  commences  and  its  increase  until  it  readied  a 
maximum  depth  at  C,  where  it  may  be  increased  or  diminished 
according  to  the  angle  employed  in  the  operation;  the  line  of 
cutter  action  being  represented  by  I  I. 

Before  backing  off,  the  surface  of  the  smaller  drills  in  partic- 
ular should  be  oxidized  by  heating  until  it  assumes  some  distinct 
color  to  clearly  show  the  action  of  the  mill  on  the  lip  of  the  drill, 
for,  when  satisfactoiy,  a  uniform  streak  of  oxidized  surface,  fron^ 
the  front  edge  of  the  lip  back,  is  left  untouched  by  the  mill,  as 
represented  in  the  cut  at  E. 


^l:^kiC^ 


--I 


Fig.  2S. 

If  the  drills  are  to  be  ground  witliout  being  centered,  pointed 
projections  (<^'^°)  mil}'  be  made  on  the  ends  as  shown  in  Fig.  28 ; 
these  projections  may  be  run  in  female  centers  in  the  grinding 
machine.  If  tapered  back  about  .003  inch  in  6  inches  it  will  be 
found  that  the  clearance  thus  obtained  will  cause  them  to  run 
much  better. 

Hardoihig  Twist  Drills.  Twist  drills  are  hardened  by  special 
processes  which,  generally  speaking,  are  not  undei'stood  outside 
the  shop  wliere  the  drills  are  ni  ule.  Very  good  results,  however, 
may  be  obtained  if  the  drills  are  heated  somewhat  and  dipped  into 
a  solution  of  the  following  ; 


Pulverized  charred  leather 
Fine  Family  Flour 
Pine  Table  Salt 


1  pound 
1>4  pounds 

2  pounds 
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The  charred  leather  should  be  ground  or  pounded  until  fine 
enough  to  pass  through  a  number  45  sieve.  The  three  ingi-edients 
are  thoroughly  mixed  while  in  the  drv  state,  and  watei'  is  tlien 
added  glowly,  to  prevent  lumps,  uncil  the  mixture  formed  has  the 
coDfiistency  of  ordinary  varnish. 

After  the  drill  has  been  dipped  in  the  mixture  it  should  be 
laid  in  a  \vann  place  to  dry ;  when  thoroughly  dried  the  drill  may 


Fig.  29. 


Fig.  30. 


Nt  heated  in  a  tube,  or  preferably  in  a  crucible  of  red-hot  lead 
until  it  i-t  a  low  red,  when  it  iniy  be  plunged  in  a  batii  of  luke- 
warm water,  or  brine ;  small  drills  may  be  dipped  in  a  b;ith  of  oil. 
The  drill  must  not  be  put  in  red-hot  lead  until  the  coating  is 
thoroughly  dried,  as  the  moisture  may  cause  minute  particles  of 
lead  to  fly  in  all  directions,  endangering  the  eyes  of  the  openitor. 
After  hardening,  the  temper  may  be  drawn  to  a  full  straw  color. 
If  several  drills  are  hardened  at  a  time  the  temper  may  be  drawn 
by  placing  them  in  a  kettle  of  oil  over  a  fire  gauging  the  amount 
of  heat  by  a  thermometer,  a-t  explained  under  heading  of  "  Draw- 
ing Temper." 
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O-ri tiding  Twist  Drills.  The  cutting  edges  must  make  a 
proper  and  uniform  angle  with  the  longitudinal  axis  of  the  drill; 
they  must  be  equal  in  length,  and  the  lips  of  the  drill  sufficiently 
biicked  off  for  clearance,  otherwise  they  will  not  cut  easily,  or  they 
will  make  a  hole  larger  than  the  size  of  the  drill. 

Drills  properly  made  have  their  cutting  edges  straight  when 
ground  to  a  proper  angle,  which  is  59  degrees,  as  in  Fig.  29. 
.Grinding  to  an  angle  less  than  59  degrees  leaves  the  lip  hooking, 
which  is  likely  to  produce  a  crooked  and  irregular  hole. 

A  very  satisfactory  form  of  angle  gauge  for  this  work  is 
shown  in  Fig.  30 ;  the  graduations  on  the  upper  part  of  gauge 
show  when  the  lips  are  ground  to  an  equal  length,  which  is  essen- 
tial in  order  that  the  drill  shall  cut  the  proper  size.  As  the  oper- 
ator  becomes  experienced  he  can  gauge  the  angle  and  length  of 
lips  very  accurately  by  the  eye,  but  until  he  has  the  necessary 
experience  it  is  advisable  to  use  some  form  oi  gauge. 

REAMERS. 

A  reamer  is  a  tool  that  makes  a  smooth,  accumte  hole ;  how- 
ever, in  many  cases  reamers  are  used  to  enlarge  a  cored  hole,  or  a 
hole  already  drilled,  without  particular  reference  to  the  exact  size 
or  condition  of  the  hole.     Reamers  may  be  classified  according  to 
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shape  as  follows :  straight  reamers,  taper  reamers,  and  formed 
reamers.  Reamers  are  made  solid,  adjustable,  and  with  inserted 
blades. 

Solid  reamers  (Fig.  31)  are  so  called  because  the  cutting 
teeth  and  head  are  made  from  one  piece ;  they  have  no  means  of 
adjustment  as  to  size.  The  cutting  teeth  of  inserted  blade  ream- 
el's  are  made  from  separate  pieces  of  steel,  and  inserted  in  the 
head  as  shown  in  Fig.  32.  The  adjustable  reamer  may  be  made 
with  inserted  teeth,  or  with  cutting  teeth  solid  with  the  head ; 
but  in  either  case  having  some  means  of  adjusting  the  size. 
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STRAIGHT  REAMERS. 

Under  this  heading  the  following  kinds  of  reamers  are  to  be 
found :  fluted  liand  reamew,  fluted  chucking  reamers,  rose  ream- 
ers, single  lip  reiiraers,  and  three  and  four  lipped  roughing  reamei*s. 

The  Fluted  Hand  Reamer  is  niiule  straight  on  the  cutting 
lips,  with  the  exception  of  a  short  distivnce  at  the  end  (A  Fig.  33) 
which  is  slightly  tapered  in  order  that  the  reiiuH»r  may  enter  the 
hole.  In  making  such  reamers,  use  steel  from  ^\  inch  to  ^  inch 
above  Hnish  size.     Turn  a  chip  off  the  outsi<h^  suifacc  to  a  depth 


Fig.  32. 

of  ^2-  inch  and  anneal,  then  turn  A  and  H  Fig.  33  to  sizes  .010  to 
.015  inch  lai"ger  than  finish  size  ;  turn  C  to  finisli  size,  mill  the 
end  D  square  for  a  wrench.  The  reamer  is  now  ready  to  have 
the  flutes  cut. 

Numher  of  Cuttting  Edges.  Flut<3d  reamers  designed  to  re- 
move but  a  small  amount  of  stock,  and  intended  to  cut  holes  to 
an  accurate  size  are  rarely  given  less  than  six  flutes. 


!  A  5 


Fig.  3a. 

The  following  Uible  gives  the  number  of  cutting  edges  that 
t^ive  satisfacrtion  for  solid  reamers  wliose  Hutcs  an»  milled  by  cut- 
ters made  t4>  give  the  proper  shajn*. 

TABLE  OF  CUTTINQ   EDGES  FOR   REAMERS. 


i' to  /g'  diameter 
rtoii*        *• 
J'to    l" 

i.vtoir 
iA''to2r 

2}  Mo   3" 


41 

t« 
II 
II 


r.  teeth 
tJtoS     ** 

8  •' 
10  ♦• 
12  " 
14     •• 


235 
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Formerly  it  was  considered  necessciry  to  have  an  odd  number 
of  cutting  edges ;  but  an  even  number  if  unevenly  spaced  will  be 
as  satisfactory.  The  chief  objections  to  an  odd  num])er  are  the 
difficulty  experienced  in  calipering  unless  a  ring  gauge  is  used, 
and  the  great  cost  of  grinding. 

Fig.  34  shows  a  form  of  cutter  that  makes  a  strong  reamer 
tooth  and  allows  the  chips  to  be  removed  very  readily.  These  cut 
the  tooth  ahead  of  the  center,  and  should  be  given  a  negative  rake 
of  about  5®.  In  general,  a  reamer  will  cut  more  smoothly  if  the 
tooth  has  a  slight  negative  rake,  as  it  then  fjakes  a  scraping  cut. 


Fig.  84. 


Fig.  35. 


With  this  form  of  llute,  the  depth  of  cut  must  be  so  gauged 
that  the  land  will  be  about  f  the  average  distance  from  one  cut- 
ting edge  to  the  other  ;  if  cut  deej)er,  tlie  tei^th  will  be  weak  and 
have  a  tendency  to  sprmg,  if  not  as  deep,  there  will  not  be  room, 
for  the  removal  of  the  chips.  The  following  table  shows  the  num- 
ber of  cutter  (shown  in  Fig.  34)  for  any  size  of  reamer. 

NUMBERS  OF  CUTTERS   FOR   REAilERS. 


No.  1  Cutter  cuts  reamers  from 

No.  2 

No.  3 

No.  4 

No.  6 

No.  6 

No.  7 

No.  8 


It 
(t 
«« 
i( 

14 


i( 
(t 
U 
ii 
II 
It 


t< 

Ii 
11 
Ii 
II 
II 
II 


J''  to  i%'  diameter. 

y  to  A' 

i"  to  ,v 


i"  to  W 

Vto    1' 

liVtoli' 

l,Vto2J'' 

2  J  '^  to    3' 


In  order  that  reamers  may  be  calipered  readily  when  grinding 
—  if  the  teeth  have  been  unevenly  spaced  —  the  teeth  must  be 
diametrically  opposite  each  other ;  the  unevenness  in  spacing  must 
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l-o  between  adjoining  teeth.  This  is  done  by  cutting  one  tooth, 
then  turning  the  spiral  head  of  the  milling  machine  half-way 
round  (hy  giving  the  index  pin  twenty  revolutions)  and  then  cut- 
ting the  opposite  tooth.  When  cutting  the  flutes  in  pairs,  the 
nunil>cr  of  times  the  cutter  must  Iks  set  for  depth  of  cut  is  reduced 
one  lialf.  Fig.  S5  shows  an  end  view  of  reamer  having  the  first 
pair  of  flutes  cut  as  described. 

The  irregularity  of  spacing  is  obtained  by  moving  the  index 
pin  a  different  number  of  holes  for  each  adjoining  pair  of  flutes. 


Fig.  30. 


ihi.s  irregularity  need  not  lie  great ;  a  variation  of  a  few  degrees, 
2"^,  ii"  or  4°  from  an  angle  corresponding  to  regular  spacing  in 
genemlly  considered  good  practice. 

HardenlnK  Reamers.  In  onler  that  a  reamer  may  not  spring 
when  hardened,  great  care  sliould  he  exercised  in  heating.  If  a 
mufHer  furnace  is  at  liand,  a  uniform  heat  may  he  obtitined.  If 
heated  in  a  blacksmith's  forge  the  reuncr  should  be  placed  in  a 
tulw  to  prevent  the  fire  from  coining  in  contact  with  the  steel ;  it 
should  be  turned  frequently  to  insure  uniform  results.  While 
cooling,  the  reamer  should  l>e  held  vertically  to  avoid  springing, 
and  should  be  worked  up  and  down  in  the  bjith. 

If  the  reamer  is  one  inch  diameter,  or  larger,  it  should  be 
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removed  from  the  hardening  bath  when  it  stops  singing^  aiid 
plunged  into  oil,  and  allowed  to  remain  until  cold.  The  temper 
may  be  drawn  to  a  light  straw  color. 

If  reamers  are  hardened  by  the  "  Pack  Hardening"  process, 
the  danger  of  springing  is  greatly  reduced. 

Straightening  Reamers.  If  a  reamer  springs  while  hard- 
ening and  tempering,  it  may  be  straightened  by  the  following 
method :  Place  the  reamer  between  the  centers  of  the  lathe ;  fasten 
a  tool,  or  piece  of  iron  or  steel  having  a  square  end  in  the  tool 


Fi^.  37. 


post  (Fig.  36),  ])lacing  the  square  end  against  the  reamer  at  the 
point  of  great^^t  curvature.  The  surface  of  the  reamer  should  be 
covered  with  a  thin  coating  of  sperm,  or  lard  oil.  With  a  spirit 
lamp,  a  plumber's  hand  ton.'h,  or  a  l^unsen  burner,  heat  the  reamer 
evenly  until  the  oil  comuiencos  to  smoke ;  pressure  may  now  be 
applied  l)y  means  of  the  cross-feed  screw,  slowly  forcing  the 
reamer  over  until  it  is  IkMit  a  trille  the  other  way.  It  sho\ild  be 
cook'd  evenly  while  in  this  position.  After  it  is  cool  the  pressure 
may  be  relieved  and  tlie  reamer  tested  for  truth.  If  it  does  not 
run  true  the  o[)eratiou  may  l>e  re[)eated.  This  method  of  straight- 
ening is  equally  effective  when  applied  to  other  classes  of  work. 

The  straightening  should  be  done  before  drawing  the  temper. 
When  drawing  the  temper  the  h(*al  should  be  applied  evenly  or 
the  piece  will  spring  from  uneven  heating. 

Before  grindhuj  a  reamer  1h»  sure  that  the  centers  of  the 
grinding  machine   are  in  good  shape,  then  elean   the  centers  of 


TOOL    MAKING.  85 


the  reamer.  The  reamer  should  first  be  ground  to  run  true.  It 
may  be  ground  to  within  .001  or  .002  inch  of  finish  size;  large 
reamers  having  the  greater  amount.  In  backing  ofiF  a  reamer  tooth 
for  clearance  use  an  emery  wheel  of  as  large  diameter  as  possible 
with(^ut  striking  the  cutting  edge  of  the  next  tooth.  The  coiTect 
clearance  is  given  by  a  finger  which  can  be  adjusted.  Fig.  37 
shows  an  end  view  of  reamer  being  ground  for  clearance  together 
with  the  finger  and  emery  wheel.  The  emery  wheel  should  run  in 
the  direction  indicated  by  the  arrow,  in  order  that  the  pressure  of 
the  wheel  will  tend  to  force  the  reamer  tooth  down  on  the  finger 
B.  To  give  clearance,  the  finger  is  adjusted  so  that  the  cutting 
edge  is  below  the  line  of  centers  as  shown.  The  lower  the  finger 
the  greater  the  amount  of  clearance.  Unless  a  free  cutting  wheel, 
free  from  glaze  is  ased  the  temper  will  be  drawn,  thus  rendering 
the  reamer  worthless.  To  avoid  softening  the  teeth,  the  stock 
must  be  removed  by  a  succession  of  light  cuts  going  way  around 
the  reamer  each  time  the  adjustment  is  changed. 

A  reamer  will  soon  lose  its  size  if  the  cleai'ance  is  ground  to 
the  edge  of  the  teeth  ;  consequently  it  is  best  to  grind  to  within 
from  .01  to  .015  inch  of  the  edge,  according  to  the  size  of  the 
reamer.  The  reamer  is  then  brought  to  an  edge  and  to  the  desired 
size  by  oilstoning.  To  do  satisfactory  work  the  stone  should  be 
free  cutting.  Select  a  stone  of  medium  grade  for  removing  the 
stock,  and  ase  a  "  fine  "  stone  for  finishing  the  cutting  edge.  An 
oilstone  should  not  be  used  dry ;  keep  the  face  free  from  glaze. 
If  there  are  deep  depressions  or  marks  in  the  stone,  face  it  off  on 
a  wet  grinding  machine. 

Fluted  Chucking  Reamers.  The  same  general  instructions 
given  for  making  fluted-hand  reamers,  can  be  applied  to  this  form  ; 
except  that  the  shank  may  be  finished  to  size  before  the  reamer  is 
hardened,  unless  the  shank  ls  to  fit  a  collet  or  l)e  held  in  a  chuck. 

The  regular  jobbing  reamer  used  in  the  lathe  is  shown  in 
Fig.  38 ;  the  form  for  the  chucking  lathe  or  drill  press,  where  the 
shank  is  held  in  a  collet  or  chuck  is  shown  Fig.  89.  When  mak- 
ing this  style  of  reamer,  B  may  be  left  .010  to  .015  inch  above 
size  t<)  allow  for  grinding.  The  ])ortion  C  may  Ix^  finished  to  size 
and  the  dimension  of  the  cuttir.g  part  of  the  reamer  stamped  on  it 
as  shown ;  if  the  reamer  is  made  for  special  work  and  is  to  be  used 


36 


TOOL    MAKING. 


on  no  other,  the  name  of  the  piece,  or  operation  it  is  intended  for 
should  also  be  stamped. 

On  account  of  the  uncertainty  of  a  reamer  cutting  exactly  to 
size  when  used  in  a  latlie,  chucking  reamers  are  frequently  made 
somewliat  under  size.  Standard  hand  reamers  are  used  for  finish- 
ing. The  amount  of  stock  left  for  the  hand  reamer  varies :  some 
tool  makers  consider  .005  inch  the  proper  amount  for  all  reamers 
up  to  3  inches  in  diameter;  while  others  think  that  for  1  inch  or 
less  diameter  .004  incli  is  right;  and  for  sizes  from  1^^  inches  to 
2  inches,  .007  inch  should  be  allowed.     For  reamers  larger  than 


Fig.  89. 

2-inch  diameter  an  allowance  of  .010  inch  should  be  made.  The 
exact  amount  necessary  for  finishing  with  hand  reamei*s  depends 
on  the  nature  of  the  work  and  the  stock  operated  on.  Fluted 
chucking  reamers  are  made  with  either  straight  or  spiral  flutes. 

When  a  reamer  is  used  in  a  screw  machine  or  turret  lathe,  on 
work  where  accuracy  and  straicfhtne^ss  of  liole  is  essential,  it  should 
be  held  in  some  form  of  special  holder,  which  allows  it  to  properly 
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locate  itself  as  to  alignment.      Such  holders  will  be  desci-il)od  later 
under  the  heading  '^  Ueaintir  Holders/' 

Rose  Reamers.  This  form  of  reamer  has  its  cutting  edges 
only  on  the  end  as  shown  in  Fig.  40,  the  grooves  being  cut  the 
entire  length  of  body  to  leduce  the  amount  of  frictional-bearing 
surface  and  to  furnish  a  channel  to  condu(tt  the  lubricant  to  the 
cutting  lips.     In  case  there  are  blow  holes  or  other  imperfections 
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in  the  material  being  operated  on,  this  reamer  will  cut  a  more 
nearly  parallel  hole  than  the  fluted  chucking  reamer. 

Fig.  40  shows  tiie  ordinary  form  of  rose  chucking  reamer. 
The  Bhank  B  is  turned  to  finish  size ;  in  case  it  is  to  fit  a  holder 
it  is  left  slightly  larger  and  turned  or  ground  to  size  after  liarden- 
ing.  The  body  A  is  turned  .015  t)  .020  inch  above  finish  size, 
the  flutes  cut,  the  size  stamped  as  shown,  and  the  reahier  hardened 


Fig.  40. 


a  little  above  the  body.     It  is  customary  when  grinding  a  rose 
reamer  to  make  it  a  trifle  smaller  on  the  end  of  body  next  to  the 

shank ;  a  taper  of  inch  in  the  length  of  the  cutting  part 

gives  good  results. 

Small  rose  reamers  can  be  made  of  drill  rod,  which  runs  very 
true  to  size,  if  ordered  by  the  decimal  equivalent  rather  than  by 
the  drill  gauge  number,  or  in  terms  of  common  fractions.     For 


Fig  41. 


instance,  if  drill  rod  Is  wanted  of  a  size  corresponding  to  No.  1 
Browne  &  Sharpe  drill  gauge,  the  wire  will  come  much  more 
accurate  if  ordered  .228  inch  diameter  rather  than  by  the  gauge. 
The  wire  may  be  sawed  to  length,  put  in  lathe  chuck,  and 
cornered  for  the  cutting  lips.  When  niuking  small  ream*M*s  tliat 
are  not  to  be  ground  to  size  after  hardening,  it  is  advisable  to 
neck  them  down  back  of  the  cutting  edge,  as  shown  in  Fig.  41. 
The  drill  rod  ofticn  swells  or  expands  at  a  point  where  the  harden- 
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iiig  oikIk,  hihI  hy  necking  down  and  JHwl^tiing  into  the 
UiiH  diflicMilty  \s  overcome. 

Small  niHC  reamers  may  be  given  three  catting  edges.  The 
flutes  may  lie  filed  with  a  tliree-square  or  a  roond-edge  file.  If  a 
tliree-Hquare  file  is  used,  a  groove  of  the  form  shown  in  Fig.  41 
may  be  made.  This  has  a  tendency  to  push  the  chips  aheid 
when  cutting,  wliile  a  groove  filed  with  a  round-edge  file,  if  it  be 
of  a  spiral  form,  will  draw  the  chips  back  into  the  flute,  provided 
it  is  a  right-hand  helix,  as  shown  in  Fig.  42. 


Fig.  43. 

Rose  reamers  intended  for  reaming  holes  of  exact  size  must 
1)0  ground  to  correct  dimensions  after  hardening,  but  small  reamen 
intended  for  reaming  hoh^s  where  exactness  of  size  is  not  essential 
may  be  made  to  size  before  hardening,  and  the  cutting  edges 
backed  off  with  a  file  for  cleaiimce.  If  reamers  are  g^und  on 
the  circumference  for  size,  the  lips  or  cutting  edges  should  be 
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given  ch'aniiuui  hy  ^rindiiit^.  Aftiir  grinding,  the  comers  of  the 
cii(tinf(  (*(li,n\s  iH'xi  to  the  body  of  tlie  reamer,  as  shown  at  C,  Fig. 
40,  shonhl  1h»  roiiiuhMl  by  oiLstoning. 

A  Single  Lip  Reamer  is  very  useful  for  reaming  a  straight 
hohi.  When  thr  nature  of  {]n\  holv  or  the  condition  of  the  stock 
wouUl  cause  the  ordinary  forms  to  r////,  the  single  lip  reamer  \\*ill 
cut  a  straight  hole  if  started  right.  Having  but  one  cutting  lip, 
its  ciction  is  simibir  to  a  boring  tool  used  for  internal  turning  in 
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tlie  lathe,  and  iw  a  lai^  proportion  of  the  body  of  the  roamer  aeU 
as  a  guide,  it  juimt  cut  a  straight  hole.  Fig.  43  showB  two  views 
of  thia  form  of  reamer. 

Steel  for  tliia  reamer  should  be  sufficiently  lai^e  to  allow 
the  d8carl>onized  surface  to  be  entirely  removed.  After  a  rough- 
ing chip  liiis  been  taken, —  leaving  the  piece  about  -^  inch  above 
finish  size, —  the  stock  should  be  annealed,  afU'r  which  the  por- 
tions A  and  11  slmuld  l>e  turned  to  a  size  tliat  allows  for  grinding, 
C  may  be  finished  to  dimensions  given,  and  the  size  of  the  r 
etJimped  as  shown. 


The  reamer  is  now  ready  fi»r  milling.  This  should  be  done 
with  the  reamer  in  the  centere  in  the  milling  machine,  using  a 
shank  mill  or  a  small  milling  cutter  on  an  arbor.  The  depth  of 
the  cut  shnuM  be  alwut  one-third  the  diameter  of  the  reamer;  for 
latge  reaniera  it  may  l»e  somewhat  deeper.  After  milling,  the 
fac^e  may  l>e  smoothed  ^^ith  a  fine  file,  anil  the  end  and  cutting 
lip  iKitikeil  off  for  clearance,  as  shown  in  Fig.  43  at  1)  and  E. 

When  hardening,  the  end  A  sliouhl  he  lieatcd  to  a  low  red 
and  (lipped  in  the  Iwith  alioiit  onc-lialf  an  inch  on  tlie  neeked  por- 
tion ('.  The  temper  may  Iw  drawn  to  a  light  straw.  A  and  B 
ari'  now  i-eady  for  gi-indliig.  If  the  grinder  has  tio  provision  for 
watfr  Ui  run  on  tlie  work,  care  shuuld  l)e  used  not  to  heat  the 
reutncr,  tia  it  is  likely  to  spring. 

Three  and  Four  Lipped  Roughing  Reamers  are  used  to 
advantage  in  chucking  machines  for  enlaiging  cored  holes,  or 
holes  that  have  Ix-en  drilled  snialler  than  liie  i-equired  sixe.  Thia 
is  often  done  in  making  lai'ge  holes  in  sidid  stock,  as  nost  manu- 
facturers consider  it  more  economical  t<i  use  a  smaller  drill  and  a 
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the  slot  deeper  at  the  front  end  is  that  the  blades,  as  they  become 
dulled  (and  consequently  cut  sin  ill),  may  be  driven  farther  into 
the  body.  As  .the  slot  is  shallower,  the  blade  is  forced  out  as  it 
advances,  ilius  increasing  its  diameter;  it  may  then  be  sharpened 
by  grinding  to  size.  The  side  of  the  slot  is  cut  at  an  angle  to 
hc»ld  the  blade  solidly  and  prevent  any  tendency  it  might  have 
to  draw  away  from  its  seating  when  the  reamer  is  cutting.  The 
l)odv  of  the  reamer  is  not  hardened ;  tlie  blades  are  machined 
U)  size,  hardened,  driven  into  place  and  ground  to  size.     If  the 
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Fig.  47. 


reamer  is  of  the  form  known  as  fluted  reamer^  the  teeth  may  be 
backed  off  for  clearance  as  already  described. 

Adjustable  Reamers  are  made  of  a  form  that  <allows  them  to 
be  adjusted  to  a  varying  size  of  parts  of  machines  where  inter- 
changeability  is  not  essential.  Fig.  47  shows  the  cheapest  form  of 
adjustable  reamer;  this  form  is  sometimes  objected  to  because  it 
does  not  expand  or  contract  uniformly  its  entire  length ;  for  ordi- 
nary work,  however,  it  is  very  satisfactory,  if  itsed  for  a  limited 
range  of  sizes. 

Stock  should  be  selected  at  least  ^^-  inch  larger  than  finish 
size.  After  carefully  centering  and  squaring  the  ends,  a  chip 
shouhl  l)e  turned  the  entire  length  of  the  piece.  It  should  then 
b(;  drilled,  and  the  tiiper  hole  reamed  for  the  expansion  plug. 
When  drilling  the  outer  end,  the  blank  should  run  in  the  steady 
rest ;  the  hole  in  the  shank  end  should  be  drilled  to  the  proper 
depth  with  a  drill  ^^^  ^^^'^  Jan/er  than  the  straight  stem  of  the 
expansion  plug.     The  end  should  be  chamfered  to  a  60°  angle  to 
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run  on  the  lathe  center  when  turning  and  grinding.  The  piece 
may  be  reversed  and  the  op[)Osite  end  drilled  and  reamed  with  a 
taper  reamer ;  this  end  should  be  chamfered  also  to  a  60^  angle. 
Fig.  48  shows  a  sectional  view  of  the  blank  drilled  and  reamed, 
and  the  ends  of  the  hole  l^eveled. 

The  reamer  may  now  be  turned  .020  to  .025  inch  above 
finish  sizes  on  A  and  B,  while  C  and  D  may  be  turned  to  finish 
sizes,  and  the  size  stamped  at  C.  The  end  E  may  be  milled 
square  for  a  wrench,  the  grooves  milled  and  the  reamer  split,  in 
order  that  the  size   may   be    altered   with    the    expansion   plug. 


Fig.  48. 

When  splitting  tlie  reamer,  a  metal  slitting  saw  of  the  required 
thickness  (usually  -^^  inch)  should  be  used.  The  saw  cut  should 
not  extend  to  the  end  of  the  reamer,  but  a  small  portion  should 
be  left  solid  to  ])revent  the  reamer  from  springing  when  harden- 
ing. The  circular  saw  heaves  a  cut  at  the  end  of  the  shape  shown 
in  Fig.  49,  wliicli  would  be  extremely  difficult  to  part  after  hard- 
ening. In  order  that  the 
til  in  partition  of  stock  may 
be  easily  severed  with  an 
emery  wheel,  the  slot  may 
be  finished,  as  shown  in 
Fig.  50,  with  a  hand  hack 
saw. 
The  expansion  rod  I,  Fii*".  47,  sliould  be  turned  to  fit  the 
taper  in  the  reamer,  the  straiglit  end  sliould  be  -^.^  inch  smaller 
than  th<^  hole  lunning  through  the  reamer,  and  should  be  threaded 
on  the  end  for  a  nut  to  be  used  in  drawing  the  rod  into  the 
reamer.  The  collar  shown  at  F  and  II  should  have  a  taper  hole 
fitted  to  the  tap?red  end  of  the*  reamer.  The  outside  diameter  of 
collar  should  be  a  trifle  smaller  than  the  hole  to  be  reamed;  this 
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collar,  when  forced  onto  the  end  of  the  reamer,  holds  it  in  place. 
In  order  to  increase  the  size  of  the  reamer,  the  collar  may  be 
driven  back  a  trifle  and  the  rod  drawn  in  by  means  of  the  nut. 

After  the  reamer  is  hardened  iind  tempered,  the  thin  parti- 
tions left  at  the  ends  of  the  slots  may  be  ground  away  with  a 
beveled  emery  wheel,  the  rod  inserted,  the  collar  forced  on  the 
end,  the  reamer  ground  to  size,  and  the  teeth  backed  off  for 
clearance. 

TAPER  REAMERS. 

If  a  taper  reamer  is  intended  for  finishing  a  hole,  the  same 
general  instructions  may  be  followed  as  for  fluted  hand  reamersy 
except  that  instead  of  being  straight,  the  body,  or  cutting  part,  is 
tapered. 


Fig.  61. 

Roughing  taper  reamers  are  frequeptly  made  in  the  form  of  a 
stepped  reamer,  or  it  might  be  called  a  multiple  counterbore, 
since  each  step  acts  as  a  pilot  for  the  next  larger  step,  as  shown 
in  Fig.  51.  The  steps  A  are  turned  straight,  each  one  corre- 
Sfwndingly  larger  than  the  preceding.  The  cutting  is  done  at  the 
end  of  the  step  B,  whicli  must  be  given  clearance ;  this  is  ordinar- 
ily done  with  a  file.  The  reamer  may  be  given  four  cutting 
edgt»s ;  these  should  be  cut  with  a  milling  cutter  intended  for 
milling  the  flutes  of  reamers.  The  numl)er  of  the  cutter  selected 
will  depend  on  the  form  and  amount  of  taper  of  the  reamers.  It 
is  advisable  to  neck  down  into  the  reamer  ^V  inch  at  the  end  of 
each  step ;  this  may  be  done  with  a  round  nose  tool,  or  a  cutting- 
off  tool  having  its  cornel's  slightly  rounded.  The  necking  facili- 
tates the  filing  of  the  cutting  edges,  and  also  allows  the  emery 


247 


1 4  Tr>OL    MAKING. 


whf^l  U'}  tT2L\  en*e  the  entire  length  of  each  step  whea  grinding  u> 
iize  after  hardenin:^. 

Roncrhinjj  re-amere  are  sometimes  made  of  the  form  shown  in 
Fi^.  o2.     TTi^^  I*-ft-Iiand  thi-ead  cat  the  entirtr  length  of  the  cat- 
ting  pr>rtion   brrraki    tlie    chips   into    short    lengths*   and  greuily 
increaries  the  cutting  *|iaaliti»:fs.     After  turning  the  tapered  part  to 
a  size  that  allows  for  grin«liiig,  thtr  lathe  may  Ije  geared  to  cat  a 
four- pitch  threjid.     The  threading  tool  should  be  about  -A  inch 
thick  at  the  cutting  j>oint,  and  hav**  sufficient  clearance  to  prevent 
the  heel  dragging  when  the  tool  is  cutting.     The  comers  shoold 
Vje  slightly  rounded  in  orrler  to  re<luce  the  tendency  of  cracking 
when  the  reamer  is  hardened.     The  thread  should   be  eat  to  a 
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depth  of  from  ^^  to  jfs  inch.     After  threading,  the  flutes  may  be 
cut,  the  reamer  hardened,  and  the  temper  drawn  to  a  light  straw. 

When  grinding  a  t^iper  r^amyr  the  proper  clearance  is  given 
to  the  tooth  kick  for  a  distance  of  /•.  inch  from  the  cuttinof  edire, 
the  balance  of  the  tooth  is  given  a  greater  amount  of  clearance,  as 
shown  in  Fig.  o^]. 

Shell  Reamers.  As  a  matter  of  economy,  the  larsfer  sizes  of 
reamei-s  are  sometinitvs  made  in  llie  form  of  shell  reamers,  as 
shown  in  Fi'^s.  .>1  and  5o.  As  sevri*al  reamers  may  l)e  useil  on 
the  same  arbor,  there  is  quite  a  siving  in  cost  of  material. 

The  followin^r  table  *rives  the  size  and  lentrth  of  shell  i*oam- 
ers  from  one  inch  to  three  incli  diameter,  together  with  the  size 
of  holes,  and  width  and  depth  of  tongue  slot. 

Tonjnie  Slot. 


Diameter. 

Leii;,'th. 

Size 

of  Hole. 

Wi<lth. 

Depth. 

1"      toll' 

O'Jff 

V 

r 

J' 

liVtol- 

3" 

4 

A' 

iV 

l}J't(»ii' 

3*'' 

1' 

r 

.V 

3iV  to  2^ 

31' 

14' 

4' 

v 
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After  drilling  a  hole  -^^  inch  smaller  than  finish  size,  the 
blank  should  be  placed  on  a  mandrel  and  a  heavy  chip  taken  to 
remove  all  the  original  surface.     It  should  then  be  annealed. 

After  annealing  it  may  be  placed  in  a  chuck  on  the  lathe  and 
the  hole  bored  .005  inch  smaller  than  finish  size.  After  putting 
on  a  mandrel,  the  ends  should  be  faced  to  length  and  the  outside 
diameter  turned,  leaving  .010  to  .015  inch  on  the  cutting  part  for 
grinding.  The  balance  of  reamer  should  be  turned  to  size.  If 
it  is  to  be  a  rose  reamer  the  edge  should  be  chamferred  the  proper 
amount. 

The  reamer  should  be  held  in  a  chuck  on  the  spiral  head 
spindle  in  the  milling  machine,  and  the  tongue  slot  cut.     In  order 


Fig.  53.  Pig.  54.  Pig.  66. 


to  get  the  slot  central  with  the  outside  of  the  reamer,  a  cutter  some- 
what narrower  than  the  desired  slot  sliould  be  used,  which  should 
be  set  as  centrally  as  possible  by  measurement,  a  cut  taken,  the 
spiral  head  turned  one-half  way  round  and  another  out  taken; 
the  width  of  the  slot  should  be  measured,  and  the  saddle  of  the 
machine  moved  by  means  of  the  graduated  adjusting  screw  one- 
half  the  amount  necessary  to  make  the  slot  of  the  right  width, 
riie  reamer  may  now  be  phxced  on  a  mandrel  between  centers  on 
the  milling  machine,  and  the  grooves  cut. 

The  reamer  should  be  heated  for  hardening  in  some  receptacle 
in  order  that  the  fire  may  not  come  in  direct  contact  with  it ;  when 
it  reaches  a  low  uniform  red  heat  it  may  be  placed  on  a  wire  bent 
in  the  form  of  a  hook,  and  plunged  in  the  bath  ;  it  should  be 
worked  up  and  down  rapidly  until  all  trace  of  red  has  disai)peared. 
When  cold  it  may  be  heated  to  prevent  cracking  from  internal 
strains ;  if  it  is  to  be  a  rose  reamer  it  may  be  left  dead  hard,  if  a 
fluted  reamer  the  temper  should  be  drawn  to  a  straw  color.  The 
hole  should  be  ground  to  !lt  t!ie  shank  on  which  it  is  to  be  used. 
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or  a  plug  gauge,  if  there  is  one  for  the  pur|X)se.  The  reamer  may 
then  l>e  phiced  on  a  mandrel  and  ground  acconling  to  directions 
given  for  grinding  reamers. 

The  holes  in  ahvU  reamern  are  sometimes  made  tapering  —  the 
end  of  the  arlior  being  made  of  a  corresi)onding  taper  —  to  avoid 
the  necessity  of  grinding  tlie  holes,  as  any  slight  change  in  the 
size  resulting  from  hardenbig  would  be  compensated  for  b}'  the 
tiiper  hole. 

Arbors  for  Shell  Reamers  are  made  as  shown  in  Fig.  56. 
The  shank  H  and  end  A  to  rc^ceive  the  reamer,  are  made  in  one 
pie(;e.  The  collar  O  having  two  tongues  to  engage  in  the  slots  in 
the  reamer,  is  made  of  tool  steel ;  the  hole  is  made  of  a  size  that 
allows  it  to  slide  over  A.  When  in  position  a  hole  is  drilled 
through  both  collar  and  arl)or  and  the  pin  I)  driven  in.  When 
making  the  collar  t\w  hole  is  drilled  and  reamed  ;  it  is  placed  on 
a  mandrel,  the  ends  faced  to  length,  and  the  collar  turned  to  pro])er 
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diameter.  It  is  tlien  removed  from  the  mandrel  and  the  tongfues 
milled.  While  doing  this  the  collar  is  held  in  the  chuck  on  the 
spindle  of  the  spiral  head  and  a  side  milling  cutter  is  used.  One 
side  is  milled,  th(^  s])iral  head  s[)in(llc  turned  one-half  revolution, 
and  the  op[)()site  side  milled  ;  the  thickness  is  measured  and  the 
saddle  moved  enough  to  bring  the  ton<jues  to  the  required  thick- 
ness when  the  lliiish  cut  is  taken  on  each  side.  After  putting  on 
an  arbor  and  drilling  the  pin  hole,  the  collar  may  be  removed  and 
spring  teni[)ered.  It  may  now  be  plaeed  on  the  arbor  and  the  pin 
driven  in  place. 

When  the  hollow  mill  is  made  with  a  taper  hole,  the  arl)or 
is  made  with  the  end  A  of  a  corresponding  taper.  Otherwise  the 
construction  would  be  the  same  as  for  h(>llow  mills  having  straight 
holes. 

Formed  Reamers  art^  used  for  holes  of  an  irregular  shape,  or 
rather  of  a  shape  neither  straight  nor  tapering.     They  are  used 
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chiefly  by  gun  makers  in  reaming  the  end  of  the  gun  barrel  for 
the  shell,  and  are  termed,  when  used  for  this  class  of  work, 
chamberintj  reamers. 

It  is  essential  when  making  this  ch\ss  of  I'eamer,  that  the 
stock  be  rough  turned  a  little  above  finish  size  and  then  annealed. 
Reamers  of  this  form  are  accunite  as  to  size  and  shape,  conse- 
quently it  is  customary  to  use  a  gauge.  This  is  generally  a  piece 
of  steel  haviiiga  hole  of  the  proper  form  reamed  in  it,  after  which 
tlie  stock  is  cut  away  on  one  side,  leaving  a  trifle  more  than  one- 
half  of  the  hole  as  shown  in  Fig.  57. 

To  make  the  reamer  blank  fit  the  gauge  the  operator  must 
ondentand  the  use  of  hand  turning  tools,  as  most  shapes  must  be 
made  with  these  tools.  The  teeth  must  be  cut  with  a  milling 
cutter  of  small  diameter  following  the  different  shapes  of  the 
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reamer  in  order  to  have  the  top  of  the  land  of  as  uniform  a  width  as 
possible.  After  cutting,  the  teeth  may  Ije  backed  off  for  clearance 
witb  a  file,  taking  care  not  to  remove  any  stock  at  the  cutting 
edge. 

When  hardening,  heat  very  carefully  in  a  tube  imtil  the 
reamer  is  of  a  low  imiforni  red  heat ;  it  should  then  be  i)lunged  in 
a  bath  of  lukewarm  brine.  It  may  be  biightened  and  the  temper 
drawn  to  a  light  straw.  After  hardening  it  should  Ije  tried  in  the 
gauge,  and  any  high  spots  removed  l)y  oilstoning. 

If  a  large  number  of  re4imei*s  of  one  form  are  to  bo  made,  the 
grinding  machine  may  be  rigged  with  a  form  which  makes  it 
possible  to  grind  many  of  the  shapes  in  coinniou  use,  but  some 
shapes  will  be  found  quite  impracticable  to  grind,  consequently 
the  above  method  of  fitting  before  hardening  must  be  adopted. 
Excellent  results  are  obtained  bv  hardening  by  the  "  Puck  Harden- 
ing "  process.  • 
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Reamer  Holders.  On  account  of  the  uucertaintr  of  exact 
aligmiieiit  of  every  part  of  a  aci-ew  niHcIitne  or  tuniet  Lithe,  it  is 
desirable  to  ase  ii  Ijoliler  for  tlie  reamer  that  allows  it  to  properly 
align  itself.  Tlic  f.irm  of  holder  shown  in  Fig,  58  is  in  common 
USQ  and  givex  excdk-iit  results.  It  consists  of  the  body  A  which 
hiia  a  hole  drilled  iuid  i-eamed  its  entire  length ;  the  hole  must  be 
somewhat  larger  than  tlie  shank  of  the  reamer.  -^^  inch  being  god- 
sidered  Hulficient.  The  center  B  of  tool  steel  should  be  (after 
hardening)  .010  to  .015  inch  larger  than  the  hole  in  tbe  holder; 
the  point  shonld  he  ground  to  a  60°  angle,  and  the  straight  part 
ground  to  a  forcing  fit  in  the  holder.  After  being  forced  to  posi- 
tion a  hole  may  he  drilled  through  the  holder  and  center,  and  the 
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pin  C  driven  in  to  Iceep  the  center  from  being  pressed  back  hy 
the  reiimer  wlicn  in  operation.  A  pin  shonld  be  put  through  the 
holder  at  I);  a  hole  -,'|.-  inch  larger  than  the  pin  should  be  put 
through  tlie  i-eamer  shank  at  this  point.  This  pin  is  simply  to 
prevent  the  reamer  froiri  turning  when  it  conies  in  coutjict  with 
the  work.  The  coil  springs  E  K  hold  the  reamer  in  position  to 
enter  the  hole, ami  the  piojicr  tension  is  given  by  means  of  the 
sci-ewa  K  F. 

ARBORS, 
riandrels.  The  ordinary  taper  arbor,  known  as  the  mandrel, 
is  in  ciimmon  use  in  must  iniu'liine  shops.  Up  to  and  including 
IJ-  inches  diameter,  matidiiils  are  made  of  tool  steel,  hardened  ull 
over  and  ground  to  sine.  Home  tool  makers  advocate  midring  all 
nmn<li"elsnp  to  4  inches  diameter  in  this  way;  others  prefer  harden- 
ing the  ends  IS  B  (Fig.  ■'i'.i),  leaving  the  center  A  soft,  while  others 
maintiiiii  that  for  mandrels  above  1.1  inches  diameter,  machinery 
steel  is  most  satisfactory  if  thoroughly  case  hardened. 
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When  making  mandrels  of  tool  steei  that  are  to  be  hardened 
the  eiitii-e  lungth,  it  is  not  necessary  to  use  the  beat  quality  of 
Bteel,  as  a  lower  grade  may  be  used  if  it  will  harden  well.  Select 
stock  somewhat  larger  than  finish  diameter,  say  r^^  inch  for  sizes 
up  to  .}  inch ;  |  inch  for  sizes  up  to  1  inch ;  ^^  inch  for  sizes  up 
to  Ij  inches,  and  ^  inch  for  sizes  above.     Take  a  cliip  off  the  out- 


side sufficiently  heavy  to  remove  all  scale,  yet  leaving  ^  inoh  for 
a  linisli  cut  on  sizes  up  to  J  inch  and  correspondingly  more  for  the 
latter  sizea.  It  should  now  be  annealed,  preferably  in  the  anneal- 
ing box.  The  ends  should  be  countersunk  deeper  in  mandrels 
tlian  in  tools  where  the  centers  are  not  used  after  they  are  com- 
pleted, in  order  that  the  centers  may  not  be  mutilated  when  driven 


in  or  out  of  the  work.  The  centers  should  either  have  an  extra 
countersink,  its  at  A  in  Fig.  60,  or  else  the  cut  should  be  recessed 
as  at  B  in  Fig.  61. 

The  ends  B  B,  Fig.  59,  should  be  turned  to  size,  the  comere 
slightly  rounded,  and  the  flat  spots  for  the  dog  screw  milled  or 
planed.  The  body  of  the  mandrel  should  be  turned  somewhat 
hirger  than  finish  size  ;  those  smaller  than  ^  inch  should  have  an 
allowance  of  .015  inch ;  from  J  to  1  inch  an  allowance  of  .020  to 
.025  inch;  over  1   inch   nn  allowance   of  .025   to  .030.     As  tl"- 
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length  of  mandrels  larger  than  2  inches  diameter  does  not  increase 
in  proportion  with  the  diameter,  the  amount  given  will  generally 
be  sufficient  if  proper  care  is  used  when  hardening.  The  size 
should  be  stamped  on  the  end  next  to  the  large  end  of  body. 

Before  hardening,  the  eentei's  should  be  re-countersunk  to 
true  them  ;  for  this  operation  it  is  best  to  use  a  special  counter- 
sink having  an  angle  of  59°  instead  of  the  regular  60°  tool,  as  it 
facilitates  the  lapping  of  the  centers  to  a  60°  angle  after  harden- 
ing, due  to  the  unequal  amount  of  grinding  caused  by  the  shapi* 
of  the  countersinking. 

If  a  blacksmith's  forge  must  be  used  when  heating  the  man- 
drel for  hardening,  the  fire  should  be  large  enough  to  heat  the 
piece  evenly ;  it  is  advisable  to  heat  it  in  a  tube.  More  uniform 
results  can  be  obtained  from  a  muffler  furnace  than  in  the  open 
fire.     In  either  case   the  piece   should  be    turned  frequently,  to 
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insure  an  even  heat.  To  dip  in  the  bath,  a  pair  of  tongs  of  the 
shape  sliDwn  in  Fig.  62  slioulJ  l3e  used,  so  that  the  bath  may  come 
in  contact  witli  both  eentei's.  The  tongs  should  grapple  the 
mandrel  at  the  large  end,  in  order  tliat  the  small  end  may  be 
hardier;  it  should  be  worked  up  and  down  rapidly  in  the  bath  to 
insure  uiiiforni  results.  A  bath  of  brine  will  be  found  very  satis- 
factory for  this  work. 

A  mandrel  larger  than  1  inch  diameter  should  be  removed 
from  the  batli  its  soon  as  it  eeas(vs  Huifjing^  and  held  in  a  tank  of 
oil  until  cold.  The  ends  should  be  brightened  and  drawn  to  a 
deep  straw  eolor,  in  order  to  toui^hen  them  so  that  they  will  not 
break  or  ehip  off  when  driven.  Mandrels  smaller  than  |  inch 
should  have  the  temper  drawn  to  a  light  straw  color  the  entire 
lengtli  of  body. 

After  hardening,  the  body  of  the  mandrel  should  be  cleaned 
with  a  coarse  emery  cloth,  to   remove  the  scale  or  grease  which 
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would  glaze  the  emery  wheel.  It  should  then  be  tested  between 
centers  to  see  if  it  has  sprung  more  than  will  grind  out  before  it 
reaches  the  proper  size. 

The  centers  should  now  be  lapped,  to  insure  proper  shape  and 
alignment.  The  lap  may  be  a  piece  of  copper  of  the  proper  shape 
(60*^)  charged  with  diamond  dust  or  emery.  After  lapping,  the 
centers  should  be  thoroughly  cleaned  with  benzine.  (When  using 
benzine  do  not  allow  it  to  get  near  a  flame  of  any  kind.) 

Examine  very  carefully  the  condition  of  the  centers  of  the 
grinder,  as  the  truth  of  the  mandrel  depends  in  a  great  measure 
on  their  condition.  A  mandrel  may  be  ground  in  a  lathe  having 
a  grinding  attachment  or  in  any  universal  grinder.  Better  results 
can  be  obtained,  however,  if  ground  in  some  form  of  grinder  hav- 
ing a  stream  of  water  to  keep  the  work  from  heating,  as  heat  is 
likely  to  spring  the  piece,  especially  if  it  does  not  run  true,  thus 
making  the  grinding  heavier  on  one  side  than  the  other.  If  a 
dry  grinder  must  be  used,  do  not  force  the  grinding  fast  enougli  to 
heat  the  piece.  The  mandrel  should  be  ground  to  within  al)out 
.005  inch  of  size  with  a  coarse  wheel  free  from  glaze,  and  then 
finished  with  a  fine  wlieel. 

The  amount  of  taper  varies :  some  manufacturers  prefer  .0005 
inch  tiipcu*  per  inch,  while  others  make  them  of  .001  inch  taper  for 
every  incli  of  length,  claiming  that  if  a  piece  having  a  long  hole 
Is  to  be  held  on  any  taper  mandrel  it  will  not  fit  at  the  end  nearest 
the  small  end  of  mandrel,  consequently  the  turned  surface  will 
not  be  true  with  the  hole  ;  also  that  for  such  work  a  mandrel 
should  be  made  for  the  job  having  a  body  nearly  or  quite  straight. 
They  claim  that  the  mandrel  should  be  made  to  taper  .001  inch 
for  every  inch  of  length,  in  order  that  it  may  be  adapted  to  a 
greater  range  of  Work. 

Mandrels  with  Hardened  JEnds.  When  making  a  mandrel 
whose  ends  are  to  be  hard  and  body  soft,  follow  the  instructions 
givea  for  hardened  mandrels,  except  that  a  larger  amount  of  stock 
should  Ije  left  on  the  body.  The  ends  should  be  hardened  for  a 
distance  that  insures  the  centers  he'uig  hard ;  this  can  be  accom- 
plished by  heating  one  end  at  a  time  to  a  red  heat,  and  inverting 
under  a  faucet  of  running  water.  As  tlie  center  is  uppermost, 
the  water  can  readily  enter  it,  forcing  the  steam   away.     After 
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a  bath  having  a  jet  of  water  coming  up  from  the  bottom  to  force 
the  steam  awiiy  from  the  work,  to  avoid  soft  spots.  It  is  not 
necessary  to  draw  the  temper,  as  the  hardening  does  not  extend 
far  below  the  surface. 

Expandint^  flandrels.  There  are  several  forms  of  expand- 
ing mandrels  in  common  use.  One  form  has  a  sleeve  with  a 
taper  hole  fitiing  on  a  mandrel  that  has  a  corre8i)onding  taper; 
the  sleeve  is  split  to  allow  it  to  expand  as  it  is  forced  on  the 
mandrel. 

It  is  not  advisable  to  give 
the  mandrel  very  much  taper, 
l)ecau8e  a  heavy  cut  with  the 
pressure  toward  the  small  end 
would  crowd  the  sleeve  to- 
waixl  that  end,  thereby  re- 
leasing the  work.  Ordinarily 
a  taper  of  ^  inch  to  the  foot  will  give  good  results. 

It  is  obvious  that  the  range  of  adjustment  for  a  sleeve  as 
described  is  small,  but  sleeves  of  different  diameters  may  be  fitted 
to  the  same  mandrel,  the  thickness  of  wall  being  increased  to 
give  the  desired  size.  The  diameter  of  the  sleeve  should  be  such 
that  the  work  may  enter  without  forcing,  the  tightening  being 
accomplished  by  forcing  or  driving  the  sleeve  toward  the  large 
end  of  the  mandiel. 


Fig.  63. 


Fig.  64. 

If  a  sleeve  is  required  for  a  special  sized  hole,  and  is  to  be 
u^ed  but  a  few  times,  and  througli  a  liniitcl  range  as  to  size,  it 
may  l)e  made  of  cast  iron.  A  hole  is  bored  i»i  it  corresponding  in 
size  and  ta[>er  to  its  mandrel  ;  the  hole  should  be  made  to  allow 
the  small  end  of  the  mandrel  to  ^o  through  and  be  flush  with  the 
end  of  the  sleeve.     The  sleeve  should  be  forced  on  the  mandrel 
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and  turned  to  size ;  the  outside  diameter  should  fit  the  hole  in  the 
piece  to  be  machined  when  the  sleeve  is  at  the  small  end. 

In  order  that  the  sleeve  may  be  expanded  it  is  split  as  shown 
in  Fig.  64.  This  should  be  done  in  the  milling  machine,  the 
sleeve  being  held  by  the  ends  in  the  vise  and  tlie  cut  made  with  a 
metal  slitting  saw.     When  the  sleeves  are  intended  for  permanent 


Fig.  es. 

equipment  it  is  good  practice  to  make  them  of  either  machinery 
steel  or  tool  steel, —  if  made  of  the  former  tliey  may  be  case  hard- 
ened, if  of  the  latter  tliey  may  be  hardened  and  spring  tempered. 
In  either  case  the  hole  should  be  .010  inch  small,  and  the  outside 
diameter  .020  to  .025  inch  large,  and  ground  to  size  after  hard- 


Fijr.  66. 


enin^.  A  method  of  splitting  the  sleeve  for  a  more  uniform 
expansion  is  shown  in  Fig.  65  ;  small  sizes  have  four  cuts  for 
adjustment,  while  the  larger  sizx'S  have  six  or  eight. 

On  account  of  the  peculiar  construction  of  the  sleeve  shown 
in  Fig.  05  it  must  be  hehl  while  grinding  the  hole,  so  that  it  will 
not  spring.  To  do  this  the*  sh'eve  may  1x3  placed  in  a  hole  in  a 
collar  and  held  by  several  (lr<>i)S  of  solder  so  placed  as  to  hold  it 
rigidly  in  position.  In  order  that  the  solder  may  stick,  the  out- 
side of  the  sleeve  must  be  brightened.     When  soldered  securely 
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the  collar  may  be  placed  in  the  chuck  on  the  grinding  machine 
and  the  hole  ground  to  the  desired  size,  after  which  it  may  be 
he;ited  to  melt  tbe  solder,  and  the  sleeve  removed  from  the  collar. 
It  can  then  be  phiced  on  the  mandrel  and  the  outside  diameter 
ground  to  the  profiei'  size. 

Eccentric  Arbors.  Arbors  are  made  eccentric  in  order  that 
the  outside  of  a  piece  of  work  may  be  made  eccentric  to  tlie  hole 
running  through  it,  as  shown  in  Fig.  06. 

When  making  an  eccentric  arlwr  the  general  dii-ectin 
for  making  mandrels  may  be  fol- 
lowed, except  that  the  centers 
should  be  quite  small.  The  man- 
drel should  be  placed  in  a  V 
block  or  in  a  pair  of  centers,  and 
by  means  of  a  surface  gauge, 
the  needle  of  which  hns  l»ecu  set 
at  the  exact  height  of  the  center,  a  line  may  lie  drawn,  ns  shown 
in  Fig.  67,  across  each  end  of  the  mandrel.  The  mandrel  may 
now  be  tunied  so  that  the  line  will  bo  vertical ;  the  point  of  the 
surface  gauge  may  1)e  raised  to  give  the  required  amount  of  eccen- 
tricity, and  a  line,  as  shown  in  Fig.  68,  scribed  on  each  end.  The 
ends  should  be  prick  punched  where  tbe  lines  intersect,  and  drilled 
and  countersunk  at  tiii.t  ]K)int. 


Fig.  07. 


KLfe'.  > 


After  hardening,  both  paii-s  of  centers  sliouhl  bo  lapped  to 
sha[>e.  The  centers  marked  -A.  A  (Fig.  69)  must  \ie  used  when 
grinding  tlie  mandrel  to  size  or  in  turning  work  which  is  to  be 
concentric  with  tbe  liole,  while  tbe  centci-s  H  B  arc  used  when 
turning  the  eccentric  parts,  Tliis  method  of  laying  off  and  drill- 
ing the  eccentric  center  may  not  give  the  necessary  accuracy  ;  in 
such  caae  a  jig  mutit  be  used  in  diilling  tlnj  center  holes.     A  suit- 
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able  jiff  is  sliouii  in  Fig.  70.  The  ends  of  the  arbor  must  be 
tiim^.'ri  U)  fit  the  hole  A,  Fig.  70,  in  the  jig,  which  is  ai  colkr 
having  a  Htraight  hole  through  it.  A  piece  of  ^t4eeU  whkh  is 
a  forcing  fit  in  this  hole,  h;is  a  hole  the  size  of  the  centering  drill 
laid  oflf  with  the  proper  amount  of  eccentricity.     This  piece  of 

steel  is  forced  to  the  center 
of  the  collar,  as  shown  at  B. 
A  straight  line  should  be 
drawn  across  the  collar  and 
down  the  bcTeled  edges,  as 
shown  at  C.  A  line  should 
now  be  scribed  the  entire 
length  of  the  mandrel,  which 
Fig.  70.  should  l>e  set  to   match   the 

line  on  the  jig,  which  may  be 


^~s 


secured  in  its  proper  i)Osition  by  meiins  of  the  set  screws. 

For  machining  a  cylindrical  piece  having  a  hole  thi*ough  it  to 
receive  an  arlx)r,  and  the  faces  of  the  piece  not  panillel,  as  shown  in 
Fig.  71,  it  is  well  to  use  a  mandrel  having  two  sets  of  centers,  as 
shown  in  Fig.  72,  one  of  which,  A  A,  are  the  regular  centers, 
while  the  eccentric  centers,  B  B,  should  be  equidistant  from  the 
regular  centers,  but  on  opiXKsite  sides. 

nilling  riachine  Arbors,  Arbors  for  millin<r  machines 
should  l>e  made  from  steel 
strong  enough  to  resist  (with- 
out twisting  or  sj)ringing) 
the  strain  ciiused  by  tighten- 
ing the  nut.  When  a  limited 
number  of  arbors  is  made, 
tool  steel  is  gtaierally  used  : 
but  for  many  milling  ma- 
chines, necessitating  a  great 
many  arl)ors,  a  lower  priced 
steel  having  the  necessary  stiffness  is  selected. 

After  ci-ntering  and  squaring  the  ends,  a  chip  is  turned  the 
entire  length  of  the  piece,  to  remove  all  the  outer  surface.  The 
ends  I)  and  (•,  Kig.  73,  are  next  turned  t('  size,  and  the  tenon 
milled  to  the  desired  dimensions ;  when  milling  for  the  tenon,  the 
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arbor  should  be  held  between  centers,  and  the  cutting  done  with 
an  end  mill  of  the  form  shown  in  Fig.  74;  tlie  circiimftience  of 
the  cutter,  leaving  the  proper  sliape  at  end  of  tenon.  The  cen- 
ters should  be  liardened,  and  the  teni])er  dnivvn  to  a  straw  color. 
If  the  projection  on  the  end  of  the  arlH>r  at  C,  Fig,  73,  is  to  be 
run  in  a  socket  in  the  tail  block  of  a  milling  machine,  it  must 
be  hardened  the  entire  length,  in  which  case  the  thread  for  the 
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Fig.  12. 

nut  should  be  cut  before  hardening  the  end.  If  a  lathe  having  a 
taper  attachment  is  used,  there  is  no  iwirticular  method  of  pro- 
cedure other  than  that  the  arbor  should  be  roughed  nearly  to  size 
before  either  the  tiiper  or  stmight  end  is  finished.  It  will  save 
time,  however,  if  the  straight  end  A,  Fig.  73,  is  roughed  first, 
then  the  taper  B  roughed  and  fiiiisiied,  after  which  the  shoulder 
E  and  the  straight  part  A  may  be  turned  to  size  and  finished.  If 
the  projection  C  is  to  run  in  a  .socket,  it  should  he  turned  .010  or 
.OlO  inch  above  finish  size,  and  ground  to  the  proper  dimensions. 


«[ 
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Fig.  73. 

If  it  is  necessary  to  use  a  lathe  having  no  fciper  attachment, 
the  necessary  taper  must  l)e  obtained  by  setting  over  the  tail  block. 
In  this  case  it  is  better  to  tui-n  and  fit  t)ie  tiper  first.  If  the 
taper  were  turned  to  finish  size  after  finishing  the  straight  pait, 
the  centers  would  become  changed  to  a  degree  that  would  throw 
the  arbor  out  of  true.  These  instructions  should  Ite  followed 
wherever  a  straight  and  taper  surface  are  to  be  turned  on  the 
same  piece  of  work,  in  a  Uitlie  liaving  no  other  means  of  turning 
tjipers  except  by  setting  over  the  tail  block. 

Milling  machine  arlMii-s  sliould  have  a  spline  Bh)t  cut  tlie 
entire  length  of  the  part  that  is  to  receive  the  cutters ;  this  can 
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best  be  done  in  a  shaper.  Before  putting  the  arbor  in  the  shaper 
vise  a  hole  shouhl  be  drilled  close  to  the  shoulder  for  the  tool  to 
run  into ;  the  drill  used  should  be  about  ^^  inch  larger  in  diameter 
than  the  thickness  of  the  splining  tool,  and  the  hole  drilled  a  trifle 
deeper  than  the  slot  to  be  cut.  When  the  arlx)r  is  placed  in  the 
vise  a  piece  of  sheet  brass  or  copper  should  be  placed  between  the 


Fig.  74. 

arbor  and  the  vise  jaws  to  prevent  bruising  the  arbor. 

Where  extreme  accuracy  is  required,  it  is  advisable  to  leave 

the  straight  and  tiii)cr  parts  a  few  thousandths  of  an  inch  above 

size  and  grind  to  size  all  over  after  the  spline  cut  is  taken. 

The  nut  is  usually  made  of  machineiy  steel,  case  hardened. 

A  bar  of  steel  ^^  inch  larger  than  finish  size  of  nut  is  selected,  and 

a  piece  ^^  inch  lai-ger 
than  finish  length  is  cut ; 
it  is  then  put  in  a  chuck 
on  the  lathe,  the  hole 
drilled,  and  the  thread 
cut ;  if  no  tap  of  tlie  de- 
sired size  is  at  hand  the 
thread  may  be  cluised. 
If  a  tap  can  be  obtained, 
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Fig.  76. 


the  thread  should  be  cliased  nearly  to  &Ize  and  finished  with  the 
tap  ;  before  takin<^  from  the  chuck  the  end  of  nut  should  ])e  faced 
and  the  hole  r«*cessed  to  the  depth  of  the  thread  for  a  distance  of 
two  threads.  After  taking  from  the  chuck  it  sliould  \ye  placed  on 
an  arlx)r  having  a  screw  which  iits  the  tliread  in  the  nut.  The 
nut  should  l>e  tuincMl  to  size  and  Kingllu  and  the  two  opposite 
sides  milled  to  n^ceive  the  wrencii  used  in  lii^litening.  Fig.  75 
gives  two  views  of  tlie  nut.  It  should  be  made  and  case  hardened 
before  the  thread  is  cut  on  the  arlK)r,  in  order  that  the  thread  on 
the  arbor  may  bo  made  to  fit  the  nut.  Milling  machine  arbor  nuts 
should  fit  the  thread  on  the  arbor  in  such  a  manner  that  they  may 
be  turned  the  (*ntire  length  of  the  thread  without  the  aid  of  a 
wrench,  yet  not  be  loose. 
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TAPS. 

When  making  taps  J  inch  diameter  and  smaller,  the  threads 
ai-e  often  cut  with  screw  dies,  of  which  there  are  two  styles.  The 
l\)rni  of  screw  piate  shown  in  Fig.  76  is  teimed  a  jam  die  plate. 
With  this  form  the  die  is  opened  to  allow  the  wire  to  pass  through 
until  it  is  even  with  the  outside  edge  of  the  die,  which  is  now 
forced  into  the  wire  by  means  of  the  adjusting  screw  A  ;  the 
screw  plate  is  revolved  until  a  thread  the  desired  length  is  cut. 
Tliis  operation  is   continued,  the  die  being  closed  a  trifle  each 


Fig.  76. 

time  until  the  desired  size  is  obtained.  The  method  taken  of 
gauging  the  correct  size  varies  in  different  shops ;  if  only  one  is 
made,  the  tops  of  the  threjids  are  measured  with  a  micrometer 
caliper;  but  for  many  tiips  of  the  same  size,  such  as  for  sewing 
machines,  guns  and  bicycles,  a  sizing  die  is  used  to  give  the 
threads  an  exact  size.  The  threads  are  cut  to  within  a  few  thou- 
sandths of  an  inch  witli  the  die  phite,  and  finished  with  the  sizing 
die.     One  form  of  sizing  die  is  shown  in  Fig.  77. 


Fijr.  77. 

Where  a  great  many  taps  of  a  size  are  cut,  it  is  customary  to 
use  several  dies  of  different  sizes,  one  of  which  (tlie  finishing  die) 
is  always  made  adjustable.  The  roughing  dies  may  be  made  solid 
or  adjustiible,  but  tlie  finishing  must  be  adjustable  for  wear,  or 
when  it  is  found  desirable  to  change  the  size  of  the  taps.  These 
dies  are  sometimes  held  in   separate  hohlei-s  of  the  foi-m  shown  in 
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Fig.  77,  but  a  very  convenient  form  of  holder  is  shown  in  Fig.  78. 
If  all  the  dies  are  in  one  holder  they  do  not  become  scattered 
around  the  shop.  When  making  many  taps  at  a  time,  the  work 
can  ])e  done  better  and  cheaper  if  the  wire  is  held  in  a  chuck  in  a 
lathe,  'i'he  die  plate  should  be  placed  against  a  drill  pad  held  in 
the  tail  spindle  of  the  lathe,  in  order  to  insure  starting  the  threads 


FiK.  78. 

true.  The  largest  die  should  of  course  be  run  on  first,  the  second 
largest  next  and  so  on  to  the  finish  die. 

For  taps  up  to  and  including  |  inch  diameter,  it  is  customary 
to  use  drill  rod.  The  taps  should  be  chamferred  for  a  distance  of 
three  or  four  threads,  as  showTi  at  A,  Fig.  79,  in  order  that  the 
point  may  enter  the  drilled  hole. 

Taps  for  general  use  around  the  shop  are  often  made  in  sets 
of  three ;  the  first  tap  to  enter  the  hole  is  called  the  taper  tap, 
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because  of  tiie  long  cliamf erring  or  taper.  The  second  is  known 
as  the  plug  tap  ;  this  tap  luus  the  first  two  or  three  end  threads 
chamferred,  and  is  used  when  the  scruw  is  to  go  nearly  to  the  bottom 
of  the  tapped  hole.  The  bottoming  tap  is  used  when  the  thread  is 
to  go  to  the  bottom  of  the  hole  being  tapped  ;  the  end  of  this  tap 
is  not  chamferred.      See  V\<x.  80. 

Taps  laiger  than  J  inch  are  made  from  tool  steel.  Taps  i 
to  J  inch  diameter  should  be  made  of  stock  at  least  ^^  inch  large  ; 
it  should  be  centered  quite  accuiately  with  a  small  drill,  because 
a  large  center  hole  weakens  the  tap  and  increases  tlie  liability  of 
its  cracking  when  hardened.  After  taking  a  chip  sufficiently 
deep  to  remove  all  the  outer  coating,  it  should  be  *'  box  annealed  " 
if  possible. 
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HAND  TAPS. 

Hand  taps  are  intended  for  tapping  holes  by  hand  and  are 
usually  made  in  sets  of  three,  as  previously  explained.  After  an- 
nealing, the  shank  should  be  turned  to  size  and  the  square  end 
milled  for  a  wrench.  The  body  should  now  be  turned  to  size,  and 
the  thread  cut.  Before  turning  any  of  the  parts  to  size  or  starting 
to  cut  the  thread,  be  sure  that  the  centers  of  the  lathe  are  in  good 
condition ;  the  live  center  should  run  true,  the  dead  center  should 
fit  the  center  gauge,  and  be  in  good  shape. 


TAPER. 


a 


PLUG. 
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BOTTOMING. 


Fig.  80. 


It  is  advisable  to  cut  the  tap  slightly  tapering,  the  thread 
being  from  .0006  to  .001  inch  smaller  at  the  end  toward  the 
shank.  This  prevents  the  tap  binding  when  slightly  worn,  yet 
it  is  not  tapering  enough  to  affect  the  accuracy  of  the  thread. 
The  thread  tool  should  be  an  exact  fit  to  the  gauge,  and  placed 
in  the  tool  post  so  that  the  top  of  the  shank  stands  about  level. 
The  top  of  blade  shown  at  A,  Fig.  81,  should  be  ground  parallel 
with  the  top  of  the  shank ;  the  cutting  point  should  be  set  at  the 
exact  height  of  the  point  of  the  head  center.     Many  tool  makers 
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consider  it  advisable  to  rough  the  thread  nearly  to  size  with  a 
single  point  tool,  finishing  it  with  a  chaser  wliich  may  be  held  in 
tlie  same  holder.  A  chaser  blade  is  shown  in  Fig.  82.  After  the 
thread  is  cut  to  size  and  the  end  chamf erred,  the  tap  is  ready  to 
be  grooved  in  the  milling  machine.  The  tap  is  held  between 
centers  and  the  grooves  cut  with  a  cutter  especially  adapted  to 
the  size  and  style  of  tap.  While  the  grooves  should  be  cut  with 
a  milling  machine  cutter,  it  is  possible  to  cut  them  in  a  planer  or 
shaper,  using  a  tool  of  the  proper  shape.  Great  care  must  be  used 
not  to  stretch  the  tap  by  heavy  chips,  or  by  using  a  dull  tool. 

The  grooves  cut  in  ta[)s  are  ordinarily  termed  flutes.     When 
making  taps  for  the  market  it  is  usual  to  cut  four  flutes  in  all  taps 


¥\g.  81. 

up  to  and  includini^  2\  inches  diameter.  But  when  taps  are  made 
in  the  shop  where  tliey  me  to  be  used,  the  number  and  shape  of 
the  grooves  depend  on  the  nature  of  the  intended  work.  A  tap 
that  is  to  run  through  the  work  without  any  backing  out,  can  have 
a  diffeient  sliai)ed  flute  from  one  that  is  to  tap  a  deep  hole  in  a 
piece  of  steel,  where  it  is  neeessary  to  reverse  the  motion  of  the 
tap  every  two  or  three  revolutions  to  break  the  chip,  and  also  to 
allow  the  lubrieant  to  reaeh  the  cutling  lij)s. 

Wliile  all  taps  up  to  and  '1\  inches  diameter  are  usually  given 
four  straight  flutes,  spiial  flutes  are  sometimes  desirable,  especiallv 
with  small  ta])s  for  some  elasscs  of  work.  With  spiral  flutes,  it  is 
generally  neeessary  to  eut  a  less  number,  and  as  taps  are  not 
ground  after  iiardming,  tliiu'e  is  no  objection  to  giving  an  odd 
number  of  teeth,  as  in  case  of  a  reamer.  Three  spiral  flutes  are 
often  cut. 

If  a  tap  1  inch  in  diameter,  having  four  flutes  of  the  regula- 
tion width,  were  used  to  ta[)  tubing  havhig  thin  walls,  the  tubing 
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tietween  the  lands  would  have  a  tendency  to  clo^e  into  tlie  flutes 
of  tlie  tap,  which  might  break  the  tubing.  In  such  a  ciise  there 
Hhould  be  double  the  number  of  flutes,  in  order  to  provide  enough 
hinds  to  liold  tlie  tubing  in  shape.  If  the  hole  to  l>e  tapped  has 
part  of  its  circumference  cut  away  as  shown  in  F^.  83,  more 
than  four  lands  are  necessaiy. 


/VV\AAA/V\ 


FiR.  82. 


Pi*.'.  . 


However,  for  general  machine  shop  work  four  flutes  work 
well  in  hand  taps  up  to  and  inchiding  2]  irieljes  diameter.  For 
lai^r  sizes,  some  tool  makers  advocate  six  flutes  ;  others  claim 
best  results  from  taps  having  four  flutes  regardless  of  size.  The 
class  of  work  and  the  stock  used  in  the  indivi<lual  shop  must 
determine  this. 

Forms  of  Flutes.  The  most  commonly 
used  foi-m  of  fliute  is  that  cut  with  a  convex 
milling  cutter  (Fig.  8i)  for  milling  half  circles. 
The  advimtiiges  claimed  for  this  form  are ;  tlie 
flutes  are  of  sufficient  depth  to  provide  for  the 
chips,  and  yet  leave  the  lands  strong  enough  ; 
and  the  form  of  the  back  of  the  land  issucli  that 
the  chips  cannot  he  wedged  between  the  land 
and  the  work  when  the  motion  of  the  tap  is 
reversed.  The  foi-m  of  groove  made  with  this 
cutter  is  sliown  in  Fig.  85.  In  onler  tosupport 
the  tap  when  starting  to  cut,  and  to  prevent  cutting  the  hole  large 
at  the  outer  end,  hand  taps  have  their  lands  Mt  wider  (a.s  sliown 
at  A,  Fig.  85)  tlian  is  the  case  with  machine  taps.     If  the  forms 
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•.  cisrc  »  sr»'»ra  in  Fig.  96, 
L  jTM^.'Tr  <  Fl^r-  SS  I  in  propoc 
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Al-.*rr  ci:i!ri;,^  t:i*f  .rr>»Tes,  the  1  i:;ds  should  be  backed  off  to 
{fiv^;  the  tap  o'if.:::;/  ed^es ;  liiis  i-i  usually  done  With  a  file,  Com- 
mf;tn:e  at  tlie    heel  of  tht^  Li:id.  A  Fisr.   89,  tile  the  top  of  the 

lari'l,  and  g^mduaUy  apprriaeh  the  cutting  edge,  mak- 
ing s:ire    that  iio  stock  is  removed  at 
that  |>  'rii'-M  ;  simply  biinj^  it  to  a  sharp 
kA'jit.      KiioiiLfh  should  be  filed  off  the 
lie«l  A  to  make  it  cut  readily,  vet  not 
t.-riouirh  to  cause  it  to  chatter.     Thesize 
and   iiumlx^r  of  threads  per  inch  should 
he  stamped  on  the  shank  of  the  tap.   n 
it  has  a  thread  differing  from  that  in 
;^^»'neral  use  in  the  shop,  that  should  also  1)6  stanil)ed 
on  the  sliank,  ;is  I'.  S.  S.,  if  it  is  a  Fnited  States  Standard  thread. 
The  followini^  table  ^iv<'s  the  numl)er  of  cutter  for  different 
diameteis  of  taps  when  the  form  sliowii  in  Fig.  87  is  used. 
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HfliTdenins:.  If  but  a  few  taps  are  to  be  hardened  at  a  time, 
it  is  customary  to  heat  them  in  a  gas  jet  or  an  open  fire  of  char- 
coal or  hard  coal.  It  is  advisable,  however,  to  heat  the  taps  grad- 
ually in  a  tube.  They  may  be  plunged  one  at  a  time  into  the 
bath  a  little  above  the  threads.  The  tap  should  be  worked  up 
and  down  and  around  in  the  bath  to  prevent  soft  spots.     Taps 


Fig.  89. 

1  inch  diameter  and  smaller  should  be  left  in  the  bath  until 
cold  °  if  larger  they  may  be  removed  from  the  bath  as  soon  as  the 
singing  noise  ceases,  and  immediately  plunged  in  oil  and  left  until 
cold.  For  taps  less  than  J  inch  diameter,  the  citric  acid  bath  will 
be  found  satisfactory ;  for  larger  taps  use  strong  brine. 

To  have  the  tap  retain  as  nearly  as  possible  its  size  and  cor- 
rectness of  pitch,  use  the  "  pack  hardening  "  process.     Run  taps 


»W»^Mi*g»w.ixiue« 


Fig.  00. 

I  inch    diameter  and  smaller,    ^  hour  after  they   are  red   hot; 
'aps  g^  to  |-  inch  diameter,  1  hour ;  taps  |  to  |  inch  diameter,  1^ 
ours  ;  taps  larger  than  one  inch  diameter,  2  hours.     Harden  in  a 
bath  of  raw  linseed  oil. 

It  is  advisable  to  grind  the  flutes  of  the  taps  with  an  emery 
wheel  of  the  proper  shape  in  order  to  brighten  the  surface,  so  that 
the  color  may  be  readily  seen  when  drawing  the  temper.  It  also 
sharper*^  the  cutting  edges  and  breaks  the  burrs  that  have  been 
thrown  ()etween  the  teeth  when  cutting  the  flutes.  The  temper 
should  be  drawn  to  a  full  straw  color.  Much  more  satisfactory 
results  may  be  obtained  by  heating  the  taps  in  a  kettle  of  oil,  draw- 
ing the  temper  to  a  point  from  460°  to  500°,  according  to  the  size 
of  the  tap  and  the  nature  of  the  stock  to  be  cut. 
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MACHINE  TAPS. 

As  the  name  implies,  machine  taps  are  intended  for  screw 
machines,  tiipping  machines,  and  hithes.  They  are  held  in  chucks 
or  collets  by  their  shanks,  and  are  supported  firmly.  Consequently 
the  lands  may  be  made  narrower  than  those  of  hand  taps  to  make 
them  offer  less  surface  to  the  work,  thereby  reducing  the  amount 
of  frictional  resistance.  Also,  they  may  be  relieved  between  the 
teeth,  by  filing  with  a  sharp  cornered  three  square  file,  commeno- 
ing  at  the  heel  of  the  tooth  and  filing  nearly  to  the  cutting  edge. 


It .  ( Mt 


itOU4(J 


Fig.  91. 


It  is  not  good  practice  to  relieve  the  teeth  very  much  because  chips 
may  be  drawn  between  the  work  and  the  lands  when  backing  out 
of  the  work.  When  taps  are  to  be  used  in  an  automatic  tapping 
machine  without  revei'se  motion  the  shanks  are  left  long  as  shown 
in  Fig.  90  in  order  that  tlie  nuts  may  pass  over  the  thread  and  on 
to  the  shank.  When  this  is  full  the  tap  is  taken  from  the  machine 
and  the  nuts  removed  ;  this  can  be  readily  done  as  they  will  pass 
over  the  end  of  the  sliank. 

If  a  tap  Is  to  be  used  on  nuts  whose  holes  are  punched  to  size, 

much  better  results  are 
obtained  by  using  a  tap 
having  five  flutes,  as  shown 
in  Fig.  91,  instead  of  four. 
Tlie  uneven  number  of  cut- 
ting etlges  reduce  the  lia- 
bility of  a  n  imperfectly 
tapped  hole,  while  the  extra  land  funiislies  additional  support. 

Taper  Taps.  When  cutting  the  threads  of  a  taper  tap,  Fig. 
92,  it  is  necessary  to  use  a  lathe  having  a  taper  attachment,  as 
the  pitch  of  the  threads  is  not  correct  if  the  taper  is  obtained  by 
setting  over  the  tail  stock.  Like  machine  taps,  the  teeth  of  a 
taper  must  ]>e  relieved  back  of  the  cutting  edge. 

In  setting  the  threading  tool  for  cutting   tiiper   taps,  care 
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should  be  taken  that  it  is  square  with  the  axis  of  the  tap,  rather 
tlian  square  with  the  taper  sides. 

Screw  Die  Hobs.  Die  hobs  are  finish  taps  for  sizing  the 
thread  in  screw  cutting  dies.  The  several  flutes  are  narrower 
than  those  of  an  ordinary  tap  and  the  lands  are  correspondingly 
wider.  The  tap  shown  in  Fig.  93  has  eight  flutes.  The  increased 
number  and  broader  lands  support  the  tap  while  running  tln-ough 
dies  whose  clearance  lioles  are  drilled,  in  order  to  remove  burrs 
thrown  in  the  threads  when  drilling.  It  is  customary  to  give 
screw  die  hobs  six  to  ten  flutes. 

When  hobs  are  used  for  solid  dies  they  must  be  of  exact  size. 
WJien  intended  for  tapping  adjustable  dies,  such  as  are  ordinaiily 
used  for  cutting  threads  in  screw  machine  work,  the  liobs  are  made 
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Fig.  93. 

from  .003  to  .005  inch  above  the  size  of  the  screw  to  be  cut.    The 
extra  size  gives  relief  to  the  threads  of  the  die. 

While  it  is  generally  considered  advisable  to  run  one  or  more 
taps  through  a  die  before  tlie  hob,  some  tool  makei-s  consider  it 
better  to  make  a  hob  that  will  do  all  the  cutting,  claiming  that 


Fig.  94. 

no  two  taps  can  be  made  and  hardened  so  that  tlie  pitch  will  be 
exactly  the  same.  In  such  cases  a  hob  (Fig.  94)  is  made  that 
will  cut  a  full  thread  by  passing  tlirough  the  die. 

Some  manufacturers  cut  the  thread  ta[)ering  for  about  three- 
quarters  of  the  entire  length  of  the  thread,  leaving  the  bahince 
straiglit  for  use  in  sizing  the  die.  Others  cut  tlie  thread  stniight 
and  taper  the  outside  of  the  thread  for  three-quarters  its  entire 
length.  If  the  threads  are  cut  taj)ering,  they  must  be  relieved 
back  of  the  cutting  edges,  as  aheady  described. 
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ADJUSTABLE  TAPS. 

A  solid  tap  made  to  cut  to  exact  size,  having  no  leeway  for 
wear,  soon  becomes  too  small.  This  is  overcome  by  making  a  tip 
that  may  be  adjusted  from  time  to  time.  Another  reason  for 
making  taps  adjustable  is  that  the  holes  may  be  tapped  to  fit  hard- 
ened screws  which  vary  in  size  on  account  of  having  been  hardened. 

Probably  the  most  common  form  of  adjustable  tap  is  the  cme 
shown  in  Fig.  95.  This  tap  is  made  in  one  piece,  and  then  split 
It  has  some  means  of  adjustment  whereby  the  tap  may  be  ex- 
panded or  contracted  through  a  limited  range.  This  may  be 
accomplished  by  using  a  taper  bodied  screw.  The  hole  to  receive 
the  screw  should  be  drilled,  tapped  and  taper  reamed,  before  the 


Fig.  ft5. 

tap  is  turned  to  size.  The  thread  sliould  then  l>e  cut  and  the  taper 
thi-ead  cut  on  xho  end  at  A.  Tlu-re  i^  less  tendency  tt)  spring 
when  the  tap  is  hardened  if  tlie  projt-etion  shown  in  Fig.  96  is 
provided;  this  may  be  giound  off  after  the  tip  is  haixiene<i  and 
tempered.  After  eutting  the  lUites,  the  tap  may  1k»  split  in  the 
millini:  niaehine  usinof  a  metal  slitting  saw;  the  tap  should  Ik* 
held  Ivtween  eenters.     It  is  split  on  two  opposite  sides,  as  shown 

at  H.  Fig.   95.       The   splitting 

should  not  go  to  the  end  of  the 

projection. 

For  hardening  taps  **  Pack 

Hardeninir  "  is  the  best  method. 

v.. 

But,  if  it  is  impossible  to  use  this 
method,  heat  the  tap  very  care- 
fuUy  in  a  mutHer  furnace,  or  in  a  tube,  having  previously  plugged 
the  hole  for  the  adjusting  screw  with  fire-clay  mixed  with  water 
to  tlio  consistency  of  dough.     When   the   tap  is   heated  to  the 
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proper  degree  it  should  be  dipjwd  in  ii  bath  of  luke-warm  brine, 
and  worked  up  and  down  rapidly.  After  banlening,  it  should  be 
ground  in  the  flutes,  and  the  temper  drawn  to  a  full  straw  color. 
The  projection  on  the  end  may  be  ground  off,  the  tiiper  screw  in- 
serted,  and  the  locking  nut  B,  Fig.  95,  screwed  to  i»lace.  This  nut 
has  a  taper  thread  cut  inside  to  correspond  with  the  thread  ou  the 
tap  at  A,  Fig.  95.  It  will  be  found  necessaiy  to  cut  the  taper 
thread  on  the  tup  and  in  the  nut  by  means  of  the  taper  atUtchment. 
Inserted  Blade  Taps,     The  tii'st  cost  of  an  inserted   blade 
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tap  may  not  be  much  less  tiian  that  of  a  s{)lid  tap  of  the  Maine 
size,  yet  on  account  of  the  comparatively  small  coat  of  new  bla(U'« 
which  can  be  inserted  in  the  same  body,  or  holder,  when  the  first 
set  becomes  worn,  this  form  is  very  valuable  for  taps  larger  tliitn 
H  inches  diameter.  The  tap  shown  in  Fig.  fl7  may  also  l«!  useil 
as  an  adjnstjible  tap.  The  shank  or  holder  A  is  made  of  niaeJiincry 
steel,  and  the  adjusting  collars  C  ('  aro  beveled  on  the  iiisidi-  at 
one  end  at  an  angle  corresponding  to  the  angle  on  the  ends  of  the 
blades.     An  angle  of  45"  will  be  found  satisfactory. 

After  turning  the  body,  or  holder  to  size,  and  cutting  the 
threads  to  receive  the  DUtfi,  the  slots  for  the  blades  may  be  milled; 
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.005  inch  smaller  than  the  size  the  tap  is  to  cut  and  the  threads 
very  carefully  cut;  after  which  the  face  of  the  blades  may  be 
milled  as  explained,  the  cutting  end  chamferred,  and  the  necessary 
amount  of  clearance  given  the  cutting  edges  by  filing.  The  blades 
are  now  ready  for  hardening. 

When  hardening,  the  blades  should  be  subjected  to  a  slow 
heat  in  a  muffler  furnace,  or  a  tube.  When  a  blade  reaches  a  low 
uniform  red  heat,  it  should  be  immersed  in  a  bath  of  luke-warm 
water  or  brine,  and  worked  up  and  down  to  insure  uniform  results. 
After  hardening  it  may  be  brightened  and  drawn  to  a  deep  straw 
color.  It  is  well  to  place  all  the  blades  in  a  pan  having  a  long 
handle,  as  shown  in  Fig.  100.    Coai-se  sand  to  a  depth  of  about  1^ 


Fig.  100. 

mches  may  be  placed  in  the  bottom  of  the  pan  with  the  blades. 
The  pan  should  be  placed  over  a  bright  fire  and  shaken  carefully 
80  that  the  teeth  will  not  be  dulled  by  striking  the  other  hardened 
blades,  while  the  sand  and  the  blades  are  heating.  The  motion 
causes  it  to  heat  uniformly  and  the  sand  keeps  the  surface  of  the 
work  bright  so  that  the  temper  colors  may  be  readily  seen.  This 
method  of  drawing  temper  will  be  found  very  satisfactory  on  many 
classes  of  work.  It  is  also  used  extensively  when  coloring  pieces 
by  heat  where  a  great  many  pieces  are  to  be  colored  uniformly. 

Square  Thread  Taps.  Although  the  square  thread  is  not  as 
extensively  used  as  formerly,  having  given  place  in  many  shops  to 
the  '*  Acme  Standard,"  yet  it  is  sometimes  necessary  to  make  taps 
for  this  form. 

Steel  should  be  selected  sufficiently  large  and  the  decarbon- 
ized i>ortion  removed ;  the  shank  should  be  turned  to  size.  The 
square  should  l)e  milled  for  a  wrench  and  the  size  and  number  of 
threads  per  inch  stamped  on  the  shank.  The  cutting  end  of  the 
tap  should  be  turned  to  size,  the  necessary  amount  of  taper  given 
the  tap  and  then  the  threads  cut 
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The  tool  used  for  cutting  square  threads  is  similar  in  form  to 
a  cutting-oS  (parting)  tool  except  for  its  angle  of  side  nke;  it 
should  be  made  of  the  proper  thickness  at  the  point  but  should  be 
somewhat  narrower  back  of  the  cutting  end,  as  shown  in  Fig. 
101,  in  order  that  it  may  clear  when  cutting. 


Fljf.  101. 


Fig.  102. 


The  thickness  of  the  cutting  end  should  be  one  half  the 
distance  from  the  edge  of  one  thiead  to  the  corre8])onding  edge 
of  the  next  thread.  For  a  square  thread  of  2  pitch,  the  land 
and  space  tc^ether  would 

Q      be  ^  inch,  while  the  land 

and  space  would  each  be 
^  inch  wide.  The  point 
of  the  tool  would  be  J  inch 
thick. 

The  sides  of  the  tools 
from  A  to  B,  Fig.  102, 
must  be  inchiied  to  the 
body  as  shown,  the  amount 
of  the  inclination  depend- 
ing upon  the  pitch  of  the 
thiead  and  diameter  of  the 
tap  to  be  cut.  It  may  be  detennined,  liowever,  by  the  method 
shown  ill  Fig.  103.  Draw  the  lirje  A  li,  and  at  right  angles  to  it 
draw  C  D,  whose  length  must  ho  equal  to  the  circumference  of  the 
thread  to  he  cut,  nieasuied  at  tlie  bottom  or  root  of  the  tliread. 
On  A  B  liiy  off  from  the  point  C  a  distiince  K  C  equal  to  the 
pitch  of  the  tliread  to  be  cut.  Then  draw  the  line  D  E,  which 
will  lepreaeiit  the  angle  of  the  side  of  the  thread;  the  angle  of 
the  side  of  the  cutting  tool  must  be  sufficiently  greater  to  give  the 
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necessary  clearance.  It  is  advisable  to  cat  the  thread  with  a  tool 
somew^hat  narrower  than  the  required  width  at  first,  and  finish 
with  a  tool  of  the  proper  thickness. 

Square  thread  taps  may  be  fiuted  according  to  directions 
given  for  V  thread  taps.  If  a  tap  is  intended  to  cut  a  full  thread, 
it  must  be  well  backed  off,  in  order  to  avoid  the  necessity  of  using 
80  much  force  that  the  t:ip  would  be  broken.     When  a  tap  is  to 
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be  used  to  size  a  hole  whose  thread  has  been  cat  by  a  smaller  tap, 
very  little  clearance  is  necessary. 

Tap  Wrenches.  When  taps  are  used  whose  squares  are  all 
of  a  size,  a  solid  tap  wrench  may  be  made,  as  shown  in  Fig.  104. 
ThU  wrench  is  forged  nearly  to  shape,  the  handles  turned  to  size 


Fig.  lOfi. 

in  the  lathe,  and  the  square  hole  in  the  center  drilled  and  filed. 

Releasing  Tap  Holders.  When  holes  are  to  be  tapped  to  a 
uniform  depth  in  a  screw  machine  or  turret  lathe,  a  tap  holder  is 
used  which  automatically  releases  the  tap  when  it  leaches  the 
required  depth.  A  very  common  form  which  gives  excellent 
results  when  properly  made  and  adjusted  is  shown  in  Fig,  105. 
It  consists  essentially  of  a  sleeve  A,  which  fits  the  tool  holes  in 
the  turret  of  the  screw  machine,  and  the  tap  holder  B,  which  fits 
the  hole  in  the  sleeve  iu  such  a  manner  as  to  slide  longitudinally. 
The  sleeve  A  should  be  made  of  tool  steel  if  of  a  diameter  that 
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makes  the  wall  around  the  hole  thin ;  the  hole  should  be  drilled 
and  reamed  to  size,  and  the  outside  turned  to  size.  The  portion 
of  the  sleeve  which  enters  the  hole  in  the  turret  should  be  a  snug 
fit.  The  tap  holder  B  should  be  made  of  tool  steel,  or  of  a  grade 
of  machinery  steel  possessing  great  stiffness  and  good  wearing 
qualities.  After  roughing  out  to  sizes  somewhat  larger  than 
finish,  the  end  which  is  to  hold  the  tap  may  be  turned  to  size  and 
the  (stem)  end  which  is  to  run  in  the  sleeve  may  be  fitted,  after 
which  the  hole  I,  to  receive  the  tap  may  be  made  of  a  convenient 
size.  In  order  that  the  hole  may  be  perfectly  concentric  with  the 
holder  it  will  be  necessary  to  run  the  large  end  of  the  holder  in 
the  steady  rest  of  the  lathe ;  the  opposite  end  should  be  fastened 
against  the  head  center  of  the  lathe  in  such  a  manner  that 
the  stem  runs  perfectly  true.  With  work  of  this  nature,  the 
head  center  of  the  lathe  must  l^e  in  good  condition  and  run  true. 
After  the  hole  hiis  been  drilled  somewhat  smaller  than  finish 
size,  it  is  necessary  to  true  the  hole  with  a  boring  tool ;  the  hole 
should  be  bored  to  within  .010  inch  of  finish  size,  after  which  it 
may  be  reamed  with  a  rose  reamer.  Befoie  reaming,  however, 
the  outside  edge  of  the  hole  should  be  chamferred  to  the  shape  of 
the  point  or  cutting  end  of  leamer,  to  avoid  any  possibility  of 
the  reamer  running.  Some  tool  milkers  never  ream  a  hole  of 
this  natT'e  if  it  can  be  avoided,  ahviiys  l)oring  to  size  with  a 
tool  that  makes  a  smootli  cut;  but  if  extreme  care  is  used,  results 
good  enough  for  a  tool  of  this  cliaracler  may  be  obtained  if  the 
holes  are  finished  to  size  with  a  reamer. 
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THREAD  CUTTING   DIES. 

The  size  of  a  die  is  always  denoted  by  the  diameter  of 
screw  it  will  cut;  a  die  that  will  cut  a  |  inch  screw  is  called  a  i 
inch  die,  irrespective  of  tlie  outside  diameter  of  the  die  itself. 

Thread  cutting  dies  are  made  solid  or  adjustable.  Solid  dies 
are  used  when  extreme  accuracy  is  not  required.  They  are  com- 
paratively inexpensive,  and  may  be  used  to  advantage  as  a  rough- 
ing die  when  an  adjustable  die  is  used  for  finishing.  Owing  to 
the  tendency  of  dies  to  change  their  sizes  when  hardened,  and  to 
the  fact  that  tnere  is  no  provision  for  wear,  they  cannot  be  used 


Fig.  106. 
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where  work  must  be  made  to  gauge.  They  are  extensively  used 
ill  cuttinir  threads  on  bolts,  and  for  this  class  of  work  are  made 
s(iuaie,  as  shown  in  Fig.  106. 

In  making  a  square  die  the  blank  may  be  machined  to  thick- 
ness and  to  size  on  the  square  edges.  One  of  the  flat  surfaces 
should  \ye  coated  with  blue  vitriol,  or  the  blank  may  be  lieated 
until  it  shows  a  distinct  brown  or  blue  color.  The  center  may  be 
found  by  scribing  lines  across  comers,  as  shown  in  Fig.  107.  It 
should  be  prick  punched  at  A  where  the  lines  intersect.  The  die 
blank  may  be  clamped  to  the  face  plate  of  a  lathe  and  made  to 
run  true  by  means  of  the  center  indicator.  If  there  is  no  tap  of 
the  proper  size,  and  only  one  die  is  to  be  made,  the  thread  may  be 
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cut  with  an  inside  threiidiag  tool,  provided  the  hole  is  of  sufficient 
size;  if  not,  a  tap  must  l>e  made.  If  the  thread  is  out  with  a 
threading  tool,  the  size  must  l)e  determined  by  means  of  a  mal« 
gauge,  whicli  may  he  a  screw  of  the  proper  size.  After  thread- 
ing, the  hole  slioukl  l)e  chamfeiTed  to  a  depth  of  three  to  four 
threads,  the  amount  depending  on  the  pitch  of  the  thread;  a  fine 
pitc'h  not  recjuiring  as  many  threads  chamf erred  as  a  coai-se  pitch. 
The  eliamfeiTing  should  not  l>e  much  larger  on  the  face  of  the  die 
than  the  diameter  of  the  screw  to  be  cut.  Figs.  108  and  109 
show  two  views  of  a  die  chamferred  and  relieved  on  the  cutting 
edges.  The  chamf  erring  may  he  done  with  a  counteraink  or  taper 
i-eamer  of  the  proper  angle.  In  the  al)sence  of  sueli  a  cutter,  a 
tool  lield  in  the  tool  i)ost  of  the  lathe  may  be  used. 


Fip:.  108. 
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Most  manufacturers  making  dies  for  tlie  market  give  four 
cutting  edges  to  all  sizes  up  to  and  including  four  inches.  When 
(lies  are  made  in  tiic  shop  where  tiiey  are  to  be  used,  custom 
varies.  Sonut  tool  makers  advocate  three  euttiniif  edjres  for  all 
dies  smalh  r  than  {  iiieh,  an<l  live  or  more  cutting  edges  for  dies 
above  two  inclies.  The  objection  to  more  cutting  edges  than  are 
al)solutely  needed  on  large  dies  is  the  increase  in  the  cost  of 
making. 

When  making  dies  for  threading  tubing,  or  for  work  where 
part  of  the  circumference  is  cut  away,  it  is  l>etter  to  give  them  a 
gn^ater  number  of  cutting  (vlges  than  would  otherwise  be  tliec:ise. 

Ra/ce  of  Cnttinu  Eihji'x,  For  general  shop  work,  where  the 
dies  are  to  be  us(m1  for  all  kinds  of  stock,  it  is  advisable  U^  make 
the  cutting  edges  radial  as  shown  in   Fig.  110,  the  cutting  edges 
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\  A  A  A  all  pointing  to  the  center.  For  cutting  brass  castings, 
tlie  cutting  edges  should  have  a  Klight  negative  rake  as  sliov/n  in 
Fig.  Ill,  the  cutting  edges  A  A  A  A  all  pointing  back  of  the 
center. 

Clearance  Holes.  After  threading  and  countersinking 
(chamferring),  screw  in  a  piece  of  steel  threaded  to  fit  the  die, 
and  face  it  off  flush.     Lay  out  the  centers  of  the  clearance  holes 


Fig.  110. 
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on  the  back  of  the  die,  and  drill  with  a  small  drill  the  size  of  the 
uilot  of  a  counterhore  whose  body  will  cut  tlie  right  size  for  the 
flearance  hole.  The  centers  of  these  holes  for  dieB  having  four 
cutting  edges,  and  from  f  to  ^  inch  may  I)e  the  intersections  of  a 
circle  baving  a  diameter  equal  to  the 
'liametcr  of  the  screw  to  be  cut,  and 
lines  drawn  across  the  corners  as  shown 
in  Fig.  112.  Prick  punch  these  points. 
For  a  die  having  four  clearance  holes 
whose  centers  are  laid  out  as  sho^vn  in 
Fig.  112,  it  is  customary  to  make  the 
clearance  holes  one  half  the  size  of  the 
die  ;  that  is  the  size  of  clearance  holes 
in  a  j  inch  die  would  be  ^  inch.  The 
width  A,  Fig.  113,  of  the  top  of  the 
lands  sliould  be  about  -^^^  of  the  circjutii- 
ference  of  the  screw  to   he  cut.     Tlie 

diameter  of  clearance  holes  given  does  not  apply  to  dies  smallr^r 
or  lai^r  than  sizes  given  (|  to  J  inch),  especially  if  the  dies  are 
to  be  used  in  the  screw  macbinc,  aH  the  eleai-ance  hole  not  only 
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pn^viiit^  A  culling  eilgp,  Inil  also  makes  a  convenient  place  for 
the  chips;  if  iliese  are  so  sni;ill  thai  the  oil  cannot  wash  the  chips 
oi!i,  the  ohij^  clog  ihe  holes  and  tear  the  thread. 

For  sniaJl  die:>  the  clearance  lu)les  are  of  a  size  that  allows 

the  chii>s  to  collect  in  the  holes 
wiihout  tearing  the  threads,  and 
are  located  a  greater  distance  from 
the  center  of  the  die,  in  order  to 
irive  siithtient  strength  to  the 
laiuls.  The  desired  shape  and 
thickness  may  Ije  given  the  sides 
of  the  lands  by  filing.  When  it 
is  considered  advisable  to  give 
scn^w  dies  alnjve  |  inch  larger 
clearance  holes  than  the  size  men- 
tioned, thcv  mav  be  located  at  a 
distance  frx^m  the  center  of  the  die  that  will  jjive  the  desired  thick- 
ness  to  the  land. 

For  s<Mvw  machine  and  tunvt  lathe  work,  dies  are  generally 
made  circular,  and  as  hoKlei-s  foi  dies  are  part  of  the  equipment 
of  every  shop  having  sc!*ew  machines,  the  dies  should  be  made  to 
fit  these  holdci"s  :  but  it  is  not  considered  good  practice  to  make 
the  diameter  of  dies  less  tlian  '2\  times  the  diameter  of  the  screw 
to  be  ctit,  and  the  thickness  of  the  die  may  be  1^  times  the 
diameter  of  the  serew. 

ADJUSTABLE  DIES. 
While  round  dies  for  serew  machine  work  mav  be  made  solid 
for  roui]:hini]f  (uit  a  threail  tliat  is  to  W  finislied  bv  another  die,  the 
finish  die  shouhl  1x3  made  adjustal)le  in  order  that  the  <lcsired  size 
may  l)e  obtained.  When  inaking  adjustable  dies  the  same  general 
instructions  may  be  followed  that  are  given  for  making  solid  dies, 
except  that  some  provision  must  be  made  for  adjustment.  This 
is  done  by  s[)litting  the  dies  at  one  side  as  shown  at  A  in  Fig.  114. 
In  order  that  the  die  may  not  spring  out  of  shape  in  hardening, 
it  is  advisable  to  cut  the  slot  from  the  center  of  the  die,  leaving 
a  thin  margin  as  shown  at  A,  Fig.  115  ;  after  the  die  is  hardened 
this  may  be  ctit  away  with  a  beveled  emery  wheel.  If  the  thick- 
ness at  B  is  too  great  to  allow  the  die  to  close  readily  when  ad- 
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justed  to  size,  tlie  dole  shown  may  l«j  drilled  and  connected  with 
the  clearance  liole  by  means  of  a  saw  cut. 

If  many  round  dies  of  the  same  diameter  are  to  be  made  it  is 
economical  to  luive  a  holder  with  a  shank  whicli  fits  the  hole  in 
tlie  spindle  of  tlie  lathe;  the   opposite  end  shouhl  be  made  to 
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B  the  die  blanks  which  should  be  turned  to  fit  the  die  holder 
in  the  screw  machine.  Fig,  116  shows  the  holder  to  be  used  in 
the  lathe.  A  repre.senta  a  die  blank  in  the  holder ;  B  is  the  shank 
which  fits  in  the  spindle  of  the  lathe ;  0  is  a  recess  in  the  holder 
to  provide  for  the  projection  left  on  the  blank  wlien  it  is  cut  from 


Fig.  lis. 

the  bar  and  also  provide  an  opening  to  receive  the  drill  and  tap 
after  they  run  through  the  die.  After  the  blank  is  placed  in  the 
holder  and  secured  in  position  by  the  screw  D,  the  outer  aur^ 
face  may  be  faced  smooth  and  true  with  the  circumference,  after 
which  it  may  be  reversed  and  the  opposite  aide  finished  to  the 
proper  thickness.    The  die  may  now  be  drilled  and  tapped.     Bo- 
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fore  drilling,  the  die  should  be  carefully  centered  in  the  lathe ; 
to  insure  a  full  thread  in  the  die,  a  drill  a  few  thousandths  of  an 
inch  smaller  than  tap  size  should  be  used  in  drilling,  after  which 
a  reamer  of  the  proper  size  may  be  run  through.  When  tapping 
the  thread,  it  is  advisable  to  use  two  or  three  caps  of  different 
sizes ;  the  finish  tap  should  be  the  size  of  the  desired  hole  in  the 
die,  and  should  be  of  the  form  known  as  screw  die  hob.  Where 
several  taps  are  used  in  tapping  a  die,  there  should  be  some  dif- 
ference in  the  diameter  so  that  any  inequality  in  the  shape  or 
pitch  of  the  thread  may  be  removed  by  the  larger  tap,  otherwise 
imperfect  threads  will  result.  For  instance  if  three  taps  are  to 
be  used  for  a  \  inch  die,  the  first  tap  may  be  .230  inch  diameter; 
the  second  .240  inch  diameter,  and  the  finish  tap  .250  inch  diam- 
eter if  the  die  is  to  be  solid.     If  it  is  to  be  an  adjustable  die,  the 
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finish  tap  should  be  .253  inch  diameter  in  order  to  furnish  clear- 
ance to  tlie  lands  wlien  it  is  closed  to  .250  inch. 

Dies  should  be  heated  very  slowly  for  hardening,  either  in  a 
muffler  furnace,  or  in  some  receptacle  to  protect  it  from  the  action 
of  the  fire.  Wlien  tlie  die  is  heated  to  a  uniform  low  led  it  may 
be  immersed  in  a  bath  of  hikewarm  brine  and  worked  back  and 
forth  to  insure  hardening  the  threads.  The  temper  should  be 
drawn  to  a  full  straw  color.  If  it  is  an  adjustable  die  the  portion 
marked  B,  Fig.  115,  should  be  drawn  to  a  blue  color  in  order 
that  it  may  spring  without  In-eaking;  this  may  he  done  by  placing 
this  portion  of  the  die  on  a  red  hot  iron  plate,  or  the  jaws  of  a 
heavy  pair  of  tongs  may  be  heated  red  hot,  the  die  may  be  grasped 
in  the  tongs  and  held  until  the  desired  color  appears.  Do  not 
allow  the  blue  color  to  extend  to  the  threads  or  they  will  be  too  soft. 
When  the  desired  color  has  been  obtained  the  die  may  be  dropped 
into  oil  to  prevent  drawing  the  temper  more  than  is  desired. 
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Sprin^^  5crew-threadin£^  Dies.  This  form  of  die  is  adjusted 
by  means  of  the  clamp  collar  shown  in  Fig.  117 ;  the  die  is  shown 
in  Fig.  118.  In  some  shops  it  is  the  only  form  of  screw-threading 
die  used  for  screw  machine  work.  When  so  used  it  should  be 
fitted  to  one  of  the  holders  on  hand,  provided  there  be  one  of 
the  proper  size. 

Average  proportions  of  spring  dies  are  given  in  the  following 
table;  these  sizes  are  used  by  a  manufacturing  concern  using  a 
great  many  screw-threading  dies  of  this  description.  It  is  not 
necessaiy  to  follow  the  proportions  given,  as  they  are  intended 
only  as  a  guide,  and  may  be  changed  to  suit  circumstances.  All 
dimensions  are  in  inches. 

SPRING  SCRBW-THREADINQ  DIBS. 
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For  uniform  and  well-finLshed  threads,  two  dies  should  be 
used,  one  for  roughing,  and  one  for  finishing. 

Where  many  dies  of  a  size  are  made  it  is  best  to  have  a 
holder  with  a  shank  fitting  the  center  hole  of  some  lathe.  The 
stock  can  be  machined  to  size  and  cut  to  length.  The  clearance 
hole  in  the  back  of  the  die  should  be  first  drilled  somewhat  larger 
than  the  diameter  of  the  screw  to  be  cut.  For  dies  up  to  and  in- 
cluding ^  inch  the  clearance  holes  should  be  ^  inch  large ;  for 
dies  J  to  I  inch  it  should  be  ^^  in(!h  large;  for  dies  I  inch  and 
over,  it  should  be  from  -^i.  to  ^  inch  large.  After  drilling  the 
clearance  hole,  the  die  should  l>e  reveised  in  the  holder,  and  drilled 
and  tapped  the  same  as  a  round  die,  using  a  hob  to  finish  the 
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threads  to  size.  For  general  work,  the  die  should  have  four  cut- 
ting edges  making  the  lands  about  on&«ixteenth  the  circumfei- 
ence  of  the  screw  to  be  cut.  Chamfer  about  three  threads.  The 
length  of  the  threaded  portion  of  the  die  should  not  exceed  one 
and  one-quarter  times  the  diameter  of  the  screw  to  be  cut.  To 
produce  the  cutting  edges,  use  a  45°  double  angle  milling  cutter 
shown  in  Fig,  119  ;  this  cutter  should  be  of  suthciently  large 
diameter  to  produce  a  cut  as  shown  in  Fig.  120. 

The  chamferred  edges  should  be  relieved  and  the  cutting 
edges  finished  with  a  fine  tile.  Stamp  the  size  and  number  of 
threads  on  the  back  end  of  the 
die  as  Bhciwn  in  Fig.  120  and 
tlien  hai-den.  The  die  should 
be  ht'iitcd  in  n  tube  and  hard- 
ened in  11  jet  of  water  coming 
up  from  tlie  l>ottom  of  a  tank 
in  oilier  that  the  water  may 
enter  the  threaded  portion.  It 
should  be  hardt'ned  a  little  fai- 
tlier  up  than  tlie  length  of  the 
thread,  moving  up  and  down  in 
tlie  Iwlh  111  prevent  a  water 
-^'K  line;     the     temper    should     be 

drawn  to  a  full  straw  eolor. 
cullai-s  iii-e  used,  castinjj^  of  malleable 
■  niaile  from  a  pattern  ;  the  hole  should 
1  of  tiiii.sh  size.  The  hole  may  then  be 
drilled  and  reamed.  When  the  screw  hole  has  l)eeii  drilled  and 
tiipiM'd  and  the  collar  split,  it  is  ready  to  use.  If  the  surfaces  ai« 
finished  it  adds  very  matcriiilly  to  the  cost. 

Die  Holders.  When  catling  threads  in  screw  niiichines  and 
turret  latlies.  dies  aie  held  in  die  holdeis  which  are  eonstriieted  in 
two  parts  as  shown  in  Fig.  121.  The  shank  A  lits  the  hole  in 
the  turret,  while  the  die  holder  II  has  a  stem  that  fits  the  hole 
in  the  shank.  While  the  die  is  (-lUling.  the  i>ins  1)  aiul  C  are  en- 
gaged, tlins  preventing  the  holilcr  H  fii)m  tui'ning.  When  the 
turret  slide  of  the  screw  machine  has  traveled  to  its  limit,  the 
holder  is  drawn  out  of  the  shank  until  tlie   machine  is  reversed 
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when  the  pins  engage  on  their  opposite  sides.  A  pin  is  put 
through  the  stem  of  the  holder  at  E  ;  this  strikes  the  end  of  sliank 
just  at  the  time  the  pins  D  and  C  become  disengaged. 

Both  shank  and  body  may  be  made  of  machinery  steel ;  the 
shank  may  be  finished  to  size  except  the  portion  marked  A,  which 
should  be  left  .010  inch  lai^e  for  grinding.  The  front  end  of  t!»e 
hole  should  be  rounded  as  shown  in  Fig.  121,  to  allow  the  fillet 
ill  the  shoulder  of  the  stem  to  enter.  This  fillet  is  left  for  strength. 
The  pin  hole  should  be  drilled  and  reamed.  When  the  holders 
are  to  take  dies  not  over  J  inch  in  size,  this  pin  hole  may  be  -^g 
inch  diameter;  from  ^  to  ^^  in  size,  |  inch  diamet«r.     As  the  dies 


ol^ 


Fig.  121. 


incre>i.se  in  size  the  pin  must  increase  proportionately.  The  shank 
may  he  case-hardened  in  a  mixture  of  granulated  charred  leather 
and  charcoal ;  it  should  run  about  two  hours  and  tlien  be  dipped 
in  a  batli  of  oil.  The  hole  should  be  kpped  straight  and  true. 
The  outside  ground  to  fit  the  hole  in  the  turret.  The  pin  C 
should  lie  of  tool  steel  hardened  and  di-awn  to  a  blue  color,  and 
forced  into  place. 

The  holder  B  may  be  made  from  a  foi-ging,  or  turned  from  a 
solid  piece.  After  roughing  to  size  somewhat  larger  than  finish, 
the  stem  may  be  turned  and  fitted  to  t)ie  hole  in  Ihe  shank;  it 
shouUl  turn  freely  in  the  shank.  The  lai'ger  portion  (or  Iwidy) 
should  now  be  turned  to  size.  This  should  be  run  in  tlie  steitdy 
rest,  and  the  end  drilled  and  bored  for  the  die  and  for  clearance 
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back  of  the  die  as  shown  in  Fig.  121.  Three  or  four  large  holes 
should  be  drilled  into  the  clearance  hole  in  order  that  the  chips 
and  oil  may  find  a  way  of  escape,  thus  preventing  injury  to  the 
threads  of  a  screw  long  enough  to  reach  through  the  die  when 
being  threaded. 

Screw  holes  should  be  drilled  and  tapped  as  shown  in  Fig. 
121 ;  the  screws  are  to  hold  the  die  in  position  in  the  holder  and 
also  to  adjust  to  size  dies  that  are  split.  The  stem  may  be  placed 
in  the  shank  and  the  pin  hole  transferred  through  the  pin  hole  in 


Fig.  122. 

the  shank  into  the  body  ;  this  should  be* done  before  the  pin  C  is 
pressed  into  place.  The  pin  D  should  be  hardened  the  same  as  C. 
The  pin  hole  for  the  pin  E  may  be  drilled  in  a  location  that 
allows  C  and  D  to  become  disengaged  and  yet  have  no  play  be- 
tween the  two 

COUNTERBORES. 

Counterbores  are  used  for  enlarging  a  hole  without  changing 
its  relative  position.  For  a  hurry  up  job  and  foi*  a  small  number 
of  holes,  it  is  advisable  to  make  as  cheap  a  form  as  is  consistent 
with  the  work  to  be  done.  Probably  the  cheapest  counterbore 
that  will  do  satisfactory  work  is  the  flat  form  shown  in  Fig.  122. 
This  can  be  forged  to  recjuire  but  little  machine  work.  After 
forging,  turn  to  size  ;  finish  tlie  shank  A  and  pilot  B  with  a  fine 
file  before  taking  from  tlie  lathe.  The  cutting  edges  C  C  should 
be  faced  true  and  smootli.  The  necking  between  the  pilot  and 
the  body  should  be  cut  with  a  tool  having  the  corners  slightly 
rounded  to  decrease  the  liability  of  cracking  when  the  counter- 
bore  is  hardened.  The  flat  sides  I)  of  tlie  body  may  be  finish 
filed  ;  the  edg(\s  should  be  draw-filed,  removing  more  stock  on  the 
batjk  than  on  the  cutting  edge  to  prevent  binding.  File  the  cut- 
ting edges  C  C  for  clearance,  as  shown    at  E,  Fig.   122.     The 
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pilot  and  the  body  should  be  hard  the  entire  length  or  they  will 
wear  and  rough  up  and  consequently  cannot  cut  a  smooth  hole; 
draw  the  temper  to  a  full  straw  color.  Unless  intended  for  accu- 
rate work  it  need  not  be  ground. 

For  permanent  equipment,  counterbores  are  usually  made 
with  four  cutting  edges  as  shown  in  Fig.  123  and  Fig.  124.  Fig. 
123  representing  a  taper  shank  counterbore  for  a  tiiper  collect, 
while  Fig.  124  has  a  straight  shank  to  be  used  in  a  chuck,  or 
collet  having  a  straight  hole  the  size  of  the  shank. 


Fig.  128. 

Counterbores  for  screw  holes  are  usuidly  made  in  sets  of  three, 
one  for  the  head  of  the  screw  with  pilot  (or  guide)  of  body  size, 
one  for  head  with  pilot  of  tap  drill  size,  and  one  to  enlarge  a  tap 
drill  hole  to  body  size.  The  following  instructions  apply  to 
counterbores  with  either  straight  or  taper  shanks.  Take  stock 
somewhat  larger  than  finish  size  of  counterbore. 


Rg.  124. 

Tura  a  roughing  chip  all  over  the  piece ;  turn  the  necked 
portion  between  the  shank  and  body  to  size  and  stamp  size 
of  counterbore  and  pilot  as  shown  in  Fig.  1 24  ;  turn  shank  C,  body 
A,  and  pilot  B  .015  to  .020  inch  above  finisli  sizes,  to  allow  for 
grinding.  In  the  case  of  the  taper  shank  counterbore  shown  in 
Fig.  123  the  tennon  should  be  milled.  The  counterbore  is  now 
ready  to  have  the  grooves  milled  to  form  the  cutting  edges.  One 
method  is  to  cut  them  with  a  right-hand  spiral  of  from  10°  to  IS''; 
the  other  method  is  to  cut  the  grooves  sti*aight.  The  former  has 
he  effect  of  running  chips  back  from  the  cutting  edges  and  works 
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very  well  on  wrought  iron  and  steel,  while  the  latter  method  is 
considered  more  satisfactory  for  brass  and  cast  iron  and  also 
works  well  on  wrought  iron  and  steel.  The  catting  edges  are 
given  clearance  by  filing,  as  shown  at  A  in  Fig.  125.  If  the 
counterbore  is  to  be  used  forbniss  it  is  necessary  to  give  cleai*ance 
to  the  lands  also  as  shown  at  A  A  A  A,  Fig.  126. 


\ 


Fig.  125. 


When  centering  counterbores  or  any  tools  whose  centera  are 
not  to  be  used  after  the  tool  is  finished,  the  drill  should  be  small 
iind  the  countersinking  no  larger  than  is  necessary  for  good  results 
in  machining.  If  large  centei-s  should,  by  accident,  be  put  in 
the  ends,  the  one  on  the  end  to  be  hardened  should  be  filled  with 
fire  clay  moistened  with  water  to  the  consistency  of  dough,  or 
with  graphite  mixed  with  oil ;  this  prevents  steam  forming  in  the 


Fig.  127. 

hole  and  cracking  the  tool  when  dipped  in  the  bath.  If  the  piece 
is  to  be  heated  in  lend,  the  filling  should  be  dried  thoroughly  before 
immei-sing  in  the  red-hot  lead. 

Solid  counterbores  can  be  used  with  holes  larger  than  the 
pilot  by  foreing  a  sleeve  over  it  as  shown  in  F'ig.  127.  B  and  C 
are  two  views  of  the  sleeve  wlii(;h  is  to  l)e  forced  on  to  pilot  A. 
After  hardening,  the  counterbore  may  be  ground  to  size  on  the 
shank,  l)ody  and  pilot ;  the  shank  should  be  ground  first  as  the 
length  is  greater,  and  in  the  case   of   a   counterlx)re    having   a 
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straight  ahank  the  grinder  may  he  adjusted  to  perfect  aligiiimmt 
hy  measurement. 

Two  lipped  counterhores  are  sharpened  by  grinding  on  the 
flat  faces  marked  D,  Fig.  122.  Giind  a  four-lipped  cnujiterhore 
oil  the  flat  side  of  the  gi-oove  aa  U  in  Fig.  127. 

Facing  Tool  with  Inserted  Cutter.  Wliere  a  limited  iiiim- 
ber  of  holes  are  to  be  couuterboied,  the  tool  shown  in  Fig.  128 


may  be  made.  All  that  ia  necessary  in  making  tins  tool  is  a 
piece  of  stock  A,  the  size  of  the  hole  to  Iw  countcrlwred  and 
a  piect,'  of  drill  rod  for  the  cutter  It ;  this  may  he  liled  to  a  cutting 
edge,  hardened  and  driven  in  place.  If  accuniey  is  essential,  a 
piece  of  drill  rod  must  he  cut  off  siimewhat  longer  than  the 
diameter  of  tiie  required  hole ;  it  should  l>e  driven  into  the  hole 
in  the  bar  leaving  an 
equal  length  on  each 
Bide.  It  may  be  turned 
to  the  correct  diameter 
and  filed  to  shape.  If 
several  cutters  are  to  be 
used  in  the  same  bar,  or 
if  the  tool  is  to  he  used 
as  a  facing  bar,  to  square 
a  shoulder  inside  a  piece 
of  work  as  shown  in  Fig,  129,  the  cutter  IS  is  rcmovi'd  from  the  bar 
and  after  the  bar  is  in  place  it  is  inserted  and  held  hyset  screw  C. 
For  huge  work,  a  eounterbore  may  be  made  as  shown  in 
Fig.  130,  A  being  the  cutter  bar  which  should  lie  ma<lc  of  tool  steel 
.|ij  to  *  inch  larger  than  finisli  size.  After  taking  a  nuighiiig 
chip,  leaving  it  a  trifle  lai'ge,  the  slot  .'should  Iw  made  to  n-ceive 
the  cutter  ('.  This  is  done  by  drilling  a  series  of  holes  as  shown 
in  Fig.  131.  After  prick  punching  the  bar,  it  slionld  U-  clamped 
to  a  drill  press  table,  holding  the  Imr  in  a  pair  of  V  blocks.  The 
prick  punch  marks  should  l>e  set  in  a  position  that  will  insure  the 


Fig.  laB. 
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drill  lioles  going  through  the  center  of  the  bar;  this  can  be  done 
as  follows  :  place  the  square  against  one  side  of  the  bar,  measure 
to  the  center,  then  place  the  square  against  the  opposite  side  and 
measure  in  the  same  manner.  When  the  distance  is  the  same  on 
each  side  from  the  square  blade  to  the  centers,  the  piece  is  in  the 
proper  position  for  drilling.  The  drill  press  table  may  then  be 
swung  around  until  the  prick  punch  marks  are  in  proper  location 


Fig.  130. 

with  the  spindle  of  the  press.  After  drilling,  a  drift  may  be 
driven  through  to  break  the  walls  separating  the  holes  and  the  slot 
filed  to  size.  The  bar  should  be  placed  with  one  end  in  the 
steady  rest  and  the  other  end  strapped  to  the  head  center  of  the 


ooo 


Fig.  131. 

lathe.  The  screw  hole  in  the  end  is  now  drilled  and  tap[)ed  into 
the  slot  ill  order  that  the  screw  may  bind  the  cutter.  The  end 
should  be  countersunk  to  provide  a  center  for  fin'sh  turning.  The 
bar  may  be  turned  to  size  at  A  and  the  pilot  finished  to  size. 
The  screw  1)  should  have  a  head  -^^  inch  larger  than  the  part  B 
in  order  that  it  may  hold  the  sleeve  in  place,  should  it  have  a 
ten(len(;y  to  come  olT  when  removing  the  counterl)ore  from  the 
hole.  Tlu;  cutt' r  (-  should  lu'  a  close  lit  in  the  sh)t.  A  headless 
screw  should  be  made  short,  so  that  it  will  not  interfei-e  with  the 
dead  center  of  th«  bithc  when   it  is  screwed  to  place  against  the 
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cutter  blank.     It  ia  intended  to  be  used  when  turning  the  cutter 
to  the  right  diuinetei',  and  should  be  kept  for  that  purpose. 

Counterbores  with  Inserted  Pilots  are  useful  when  the 
counterbores  need  frequent  sharpening,  or  when  a  variety  of  dif- 
ferent sized  holes  are  to  be  cnunterbored  to  the  same  size.     A 


Fig,  192. 

common  form  of  counterbore  having  an  inserted  pilot  is  shown  in 
Fig.  132. 

When  making  this  counterbore  the  stock  should  have  a  rough- 
ing chip  tiiken  off  and  the  hole  E  drilled  part  way  from  the  shank 
end.  This  drilling  may  be  done  in  the  speed  lathe,  holding  the 
drill  in  a  chuck  in  the  hend  spindle ;  tlie  center  in  the  opposite 
end  of  tlie  piece  should  be  on  the  de;id  center  of  tlie  lathe.  If 
the  piece  is  turned  one-half  revolution 
occa-sionaliy  the  drill  will  cut  accurately 
enough,  as  perfect  alignment  is  not  neces- 
sary in  this  hole,  since  it  is  intended  only 
for  use  when  driving  out  the  pilot. 

After  drilling,  the  shank  end  should 
be  carefully  countersunk.  The  piece  may 
now  be  turned  to  grinding  size  which 
should  be  from  .015  to  .020  inch  all  over. 
After  turning  the  outside,  the  hole  for  the 
pilot  may  be  drilled  and  bored,  running  the 
large  end  of  the  counterbore  in  the  steady 
rest.  The  counterbore  ahould  liave  four 
cutting  edges  for  all  ordinary  work  ;  these 

may  be  cut  with  a  side  milling  cutter  wiUi  a  face  sufficiently  wide  to 
cover  the  width  of  tooth.  Tin-  fonn  of  cutter  is  shown  in  P'ig.  133, 
while  an  end  view  of  the  teeth  is  sliowii  in  Fig.  134.     When  mil- 
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if  this  precaution  is  taken  there  U  no  diinger  of  pilot  cracking 
under  the  head.  After  hardening  and  tempering,  the  pilot  may 
be  ground  t<)  aize  at  A,  and  the  portions  B  II  ground  to  fit  the 
hole  of  the  counterltore.  After  grinding,  tlie  pilot  inay  be  forced 
into  place.  The  counterbore  may  be  ground  with  the  pilot  in 
position.  Wlien  dull  the  pilot  should  be  forced  out  of  the  counter- 
bore  and  the  cutting  edges  ground  with  an  enieiy  wheel. 


@ 


Fig.  138. 


Combination  Counterbores  arc  made  when  it  is  necessary 
to  change  the  size  of  counterbore  and  pilot  frequently-  A  shank 
or  bar  is  made  to  accommodate  different  sizes  of  cutters,  and  sleeves 
serve  as  pilots.  In  P'ig.  137,  A  is  the  cutter,  B  tlie  pilot  which  is 
tapped  in  the  end  to  receive  a  screw  which  liolds  the  sleeves,  and 
C  the  shank  which  is  held  in  a  chuck  or  collet,  when  the  counter- 
bore is  in  use. 

Aft^;r  taking  a  roughing  chip  off  the  bar,  the  end  B  is  run  in 


Fig.  131. 

tlie  steady  ret  and  the  hole  fi>r  the  sciew  F  is  drilled  and  tapped. 

The  outside  end  is  countei-sunk  to  a  Ii0°  angle  to  run  on  a  center. 

When  machining  the  holder,  the  portions  B,  C,  and  1)  should  he 

left  about  .010  inch  lai^er  than  finish  size  to  allow  for  grinding. 

But  if  no  grinder  is  at  hand  it  may  be  left  a  few  thousandths  of  an 

inch  above  size,  and  filed  to  finish  dimensions. 

The  body  (or  cutter)  A,  sitould  have  a  hole  -^  inch  smaller 
than  finish  size  drilled  through  it ;  the  outside  suiface  should  be 
turned  off,  and  the  piece  annealed.     If  a  grinder  having  an  inter- 
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n.tl  L'r:n«liiii:  aTUchineiit  is  at  hand,  the  hole  in  the  entter  should 
1^  '.'fi  .•»*'"»  iiii  h  small  for  grinding.  If  such  an  attachment  is  iu.t 
ill  li.ii.d  ihr  h.»le  niiiy  be  raanied  to  finish  size.  The  outside  diani- 
eirr  should  Ix- left  about  .010  large ;  the  ends  should  befaoidto 
:t-:i^n}i.  and  the  teeth  cut.  If  four  teeth  are  to  be  cut,  the  work 
ni.iv  W  dnne  with  a  siile  milling  cutter  as  shown  in  Fig.  l?.i 
fi.f  c.'::::ifrU»re  shuuld  lie  held  in  a  chuck  on  the  spiral  hea«l 


Fii:.  13S- 


F!g.  140. 


<i  l::die.  wixicli  should  be  tipped  to  produce  a  strong  tooth  as 
>1.  -w::  :r.  Fii:.  \'M.  Before  haitlening,  the  hole  should  be  drilled 
.r.'.v:  :.i;;»rd  for  the  sv-rew  H  which  holds  the  counterbore  to  the 
K.r,  T'  :ia:\len,  the  counterbore  should  be  given  an  even, low 
:v.".  *:.t  iT,  Ar.d  I'liiniTi-il  in  water  or  brine  in  such  a  manner  that  the 
ivi;b  w;/.  I  .me  in  contact  with  the  teeth.     If  the  teeth  are  stublxJ 
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Fig.  130. 

v.:   -.  .;  T' :..;H '.   !ioe«l  not  be  drawn  more  than  to  a  h?"^ 

-  .    A   11   >':..v;;,i  lie  made  of  tool  steel  having  a  pro]^*^"" 

'  _:     '.     r.r  K-y.d,  Turned  to  the  VK>ttom  of  the  thn*5i*i* 

:   ■  ..  '.  '.',•  «i::lltd  in  the  bar  or  holder,  and  keep  ^"^* 

•.    -.v.  :  r.v.i:;  J.       Vho  end  of  the  sci^w  should  be  :tl^^"^ 

/.  -■..,..■.:  '/...v.  :':.e  -i.^r.     The  screw  shouhl  Ih^  hanlc"*"*^ 

..\--.   :  '  .-.   ■  "v.e   V    '.T.      The  sleeve  intended   to  go  on  l"^^ 

• 

x":.  •  .".  •  '\   :r...  u-  o:"  :o.»!  steel,  hardened  and  grimnd  to  si/-»' 
.,•.,.;  ^  ;;:,      ri:e  m'.iw    F  may  Iv  made  of  maehiner)*  steeu 
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and  case-hardened  sufficiently  deep  by  heating  to  a  red  and 
sprinkling  with  powdered  cyanide  of  potassium,  after  which  it  is 
reheated  and  plunged  in  water. 

HOLLOW   MILL5. 

Hollow  mills  are  used  in  screw  machines  and  tuiTet  lathes 
for  roughing  down  and  finishing.  They  are  also  used  in  drill 
press  work  in  finishing  a  projection  which  must  be  in  some  given 
position  ;  when  thus  used  they  are  generally  guided  by  a  bushing 
in  a  fixture,  to  bring  the  projection  in  the  proper  location. 

For  roughing  out  work  on  a  screw  machine  or  turret  lathe, 
solid  mills  having  strong  stubbed  teeth  are  preferred  for  rigidity. 
For  finishing  they  are  made  adjustable  in  order  to  get  exact  sizes. 
Fig.  138  shows  a  solid  hollow  mill  having  the  cutting  end  hoi- 


Fig.  141. 

lowed  out  in  the  form  of  a  V,  in  order  that  it  may  center  itself 
when  starting  to  cut.  Fig.  139  shows  a  form  of  solid  hollow  mill 
intended  for  use  in  squaring  up  a  shoulder  at  the  end  of  a  cut 
that  has  been  made  with  a  mill  of  the  form  shown  in  Fig.  138,  or 
it  may  be  used  for  roughing  out  a  piece ;  however,  it  will  not 
center  itself  as  readily  as  the  one  sliown  in  Fig.  138. 

For  small  hollow  mills  some  tool  makers  advocate  three  cutting 
teeth,  while  others  claim  better  results  with  four  teeth  on  all  sizes. 

The  rear  of  the  mill  is  bored  somewhat  larger  than  the  cut- 
ting end,  to  allow  it  to  clear  on  long  cuts.  Tlie  cutting  end 
must  be  relieved  or  it  will  bind  and  rough  the  work,  and  probably 
twist  it  off  in  the  mill.  There  are  seveml  methods  of  relieving 
mills ;  the  more  common  one  is  to  ream  the  hole  tapering,  making 
it  larger  at  the  back  end,  as  shown  in  Fig.  140.  Another  method 
is  to  file  back  of  the  edges,  as  sliown  in  Fig.  141. 

For  making  hollow  mills  having  the  same  outside  diameter, 
it  is  advisable  to  use  a  holder  of  the  form  shown  in  Fig.  142, 
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having  a  taper  shank  which  fits  the  spindle  of  a  lathe.  The  hole 
in  the  other  end  of  the  holder  should  be  the  size  of  the  holder  in 
the  screw  machine  or  turret  lathe,  which  holds  tlie  mills  when  in 
use.  The  steel  for  the  hollow  mills  should  be  cut  to  length  and 
turned  to  the  proper  diameter  to  fit  the  holder.  After  putting 
the  blank  in  the  holder,  the  ends  may  be  squared  and  the  holes 
drilled  and  l)ored  to  the  desired  sizes.  If  the  mill  is  to  be  of  the 
fonn  shown  in  Figs.  138,  139  ivnd  140,  the  cutting  end  may  be 
reamed  with  a  tiiper  reamer  to  give  the  necessary  cleai-ance.  The 
reamer  shoidd  be  run  in  from  the  back  end  in  order  that  this  end 
of  the  hole  be  larger.  For  the  form  shown  in  Fig.  141,  the  hole 
at  the  cutting  end  should  he  straight  and  to  finish  size. 

The  mill  is  now  ready  for  cutting  the  teeth.     If  four  cutting 
edges  are  to  be  given,  a  side  milling  cutter  may  be  used  of  a 
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diameter  alM)ut  double  the  diamc^ter  of  the  hollow  mill  to  be  cut. 
The  bhiiik  sliould  Ik*  held  in  a  chuck  on  the  (»nd  of  the  spindle  in 
the  spiral  head.  For  a  strong  tooth,  the  spiral  head  may  Ik?  set  at 
an  angh^  that  will  jnoduce  a  tooth  as  shown  in  Fig.  143,  by  feed- 
ing the  iniHin<»-  cutler  throunh  tlic  hlaiik.  If  a  deeper  tooth  is 
d(»sirc(l,  the  spiral  head  may  be  set  so  that  the  blank  will  be  in  a 
vertical  position,  and  tlie  milling  cutter  fed  in  until  the  desired 
form  and  (h*pth  of  tooth  is  ohtained. 

An  Adjustable  Hollow  Mill  may  be  made  by  following  the 
iiisti'uctions  ^'ivcn  lor  .vo////  hollow  mills,  exc(*[)t  that  the  mill  nuist 
bt»  split  as  shnwH  in  Fig.  1  14,  in  order  that  the  size  of  hole  in  the 
mill  may  be  altered.  There  are  two  methods  of  adjusting  the 
mill:  the  outside  of  the  cutting  end  of  the  mill  is  tapered,  and  a 
collar  having  a  corresponding  tapcM*  hole  is  forced  on  the  mill. 
The  coll  ir  clos(?s  it,  and  causes  it  to  cut  smaller.  The  other 
method  is  to  turn  the  outside  of  the  lioUow  mill  straight,  and 
close  i)y  means  of  the  clamj)  collar  shown  in  Fig.  145.     As  adjust 
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able  hollow  mills  are  generally  used  for  llnishing  cuts,  and  are  not 
used  when  taking  heavy  cuts,  the  teeth  may  be  made  finer  than 
those  of  solid  mills  used  for  roughing.  The  teeth  being  nearer 
together  will  finish  a  cylindrical  piece  more  accurately  than  if  the 
teeth  were  cut  farther  apart.  It  is  customary  to  give  adjustable 
hollow  mills  to  be  used  for  finishing  from  six  to  eight  teeth.  The 
cutting  edges  should  be  cut  i-adial  for  most  work.     Better  results 


Fig.   x46. 


Fig.  143.  Fig.  144. 

will  be  obtained  if  the  hole  in  the  cutting  end  of  the  mill  is  left 
.005  inch  small,  and  ground  to  size  after  the  mill  is  hai'dened. 

The  hollow  mill,  whether  it  be  solid  or  adjustable,  should  be 
hai-dened  a  trifle  farther  up  than  the  length  of  the  teeth,  and 
drawn  to  a  straw  color.  The  mill  is  sharpened 
by  grinding  on  the  ends  of  the  teeth. 

Hollow  Mill  with  Inserted  Blades.  For 
large  work,  hollow  mills  are  made  having 
inserted  blades.  The  hollow  mill  with  re- 
movable blades,  shown  in  Fig.  146,  does 
good  service  on  rough  work ;  the  blades 
may  be  made  of  self  hardening  steel  and  inserted  in  a  machine 
steel  body.  The  grooves  in  the  body  to  receive  the  blades 
should  be  milled  with  a  cutter  whose  thickness  corresponds  to 
the  size  of  the  steel  to  be  used  for  the  blades.  The  grooves  are 
cut  somewhat  deeper  at  the  front  end  of  the  holder  in  order  that 
the  blades  may  have  clearance  to  prevent  binding.  The  edge  of  the 
slot  corresponding  to  tlie  cutting  edge  of  the  blade  should  be  radial. 

Two  collars  should  l)e  made  of  machinery  steel  having  holes 
sufficiently  large  to  allow  their  being  placed  on  the  mill  when  the 
blades  are  in  the  slots.  Each  collar  should  be  provided  with  the 
same  number  of  set  screws  as  there  are  blades  in  the  mill.  One 
collar  holds  the  blades  in  the  holder,  while  the  other  is  placed 
nearly  at  the  ends  of  the  blades  to  support  them  while  cutting.    This 
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FORMING  TOOLS. 

Forming  tools  are  used  when  several  pieces  are  to  be  made 
of  exactly  the  same  shape.  They  are  particularly  valuable  for 
giving  the  desired  shape  to  formed  mills  and  similar  tools  and  are 
extensively  used  in  duplicating  a  given  shape  on  work  produced 
in  the  screw  machine. 

Forming  tooLs  are  made  flat  and  circular  in  shape.  When 
used  in  the  lathe  for  shaping  milling  machine  cutters  and  similar 
tools  they  are  generally  made  flat ;  for  backing  off  formed  milling 
machine  cutters  they  are  always  made  flat ;  for  screw  machines  in 
duplicating  a  given  shape  they  are  made  both  flat  and  circular. 
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Fig.  148. 

The  flat  forming  tool  is  made  as  a  solid  cutter,  the  tool  and 
shank  being  in  one  piece  as  shown  in  Fig.  148,  or  tlie  cutter  and 
shank  may  be  made  separate  as  shown  in  Fig.  149.  When  but 
one  forming  tool  is  to  be  made,  tliat  shown  in  Fig.  148  will  be 
found  to  be  inexpensive;  but  for  making  many  tools,  it  will  be 
found  much  cheaper  to  adopt  tlie  plan  shown  in  Fig.  149. 

On  certain  classes  of  work  it  is  advisable  to  use  a  forming 
tool  on  a  holder  of  the  description  sliown  in  Fig.  150,  wliich  is 
known  as  a  spring  holder.  On  account  of  its  design  it  may 
spring  somewlmt  when  used  on  lieavy  cnt^,  thus  reduoing  tlie  ten- 
dency to  chatter.  It  is  necessary  to  mnke  these  holders  of  tool 
steel,  giving  them  a  spring  temper  at  point  marked  A.     The  slot 
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B  allows  the  forming  blade  I)  to  spring  away  from  tlie  work 
when  under  heavy  sti-ain.  The  blades  may  be  planed  up  in  long 
strips  and  cut  off  the  required  length.     The  tongue  E  should  fit 
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Fi^r.   149. 

the  slot  O,  which,  with  two  cap  screws  through  F  and  G,  se- 
curely hohls  tlie  blade  in  positiiin. 

In  order  lliat  a  forming  tool  may  cut  i(»adily,  it  is  necessary 
lo  give  the  surface  marked   H  ;i  sullicient  amount  of  clearance. 


i^^   l.'O. 


For  tools  to  1m*  used  for  shapin*^  milling  machine  cutters  and  simi- 
i:ir  tools,  a  <.-leaiain'(^  of  lo^  to  l.")^  will  be  amph* ;  that  is,  the 
angle  should  ho  fnuu  SO''  to  7.')^.  Hut  if  the  tool  is  to  be  used 
for  backing  off  the* teeth  of  fiunied  milling  machine  cutteis,  it  Ls 
necessary  to  give  a  clearance  of   IJS*^   to  •Jii''.      When  making  a 
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forming  tool  having  the  required  angle  at  D,  the  shape  can  be 
produced  by  tipping  the  blank  to  the  requiied  angle  and  planing 
or  milling  with  a  tool  having  exactly  the  shape  it  is  desired  to 
produce.  The  tool  used  may  be  made  of  a  shape  enough  differ- 
ent from  that  desired  that  it  may  produce  tlie  proper  shape  when 

r—^  ^ ^  the   cutter   is   in   a    vertical 

I  \        \  position,  and  the  blank  at  a 

I  \       \  given  luigle  from  that  position 

i '  \       i  a«  sliowu  in  Fig,   151.     Or, 

the  tool  may  be  held  in  the 
tool  post  (or  in  a  fixture  made 
for  the  purpose)  of  the  sliaper 
or  planer  at  the  same  angle 
as  the  blank  being  cut,  as 
shown  in  Fig.  152,  and  it  will 
prodme  a  shape  corresponding  very  closely  with  its  own. 

For  screw  machinii  and  similar  work  for  du[ilicaling  given 
shapes,  a  forming  tool  is  made  of  the  shape  shown  in  Fig.  1.5S.  A 
represents  a  holder  used  by  the  Brown  &  Shaipe  Mfg.  Co.  for  use 
on  their  screw  machines.  B  shows  the  forming  tool  blank.  The 
desired  shape  is  cut  in  the  surface  marked  C. 


PiK-  162. 


Circular  Forming  Tools  are  usf<l  veiy  exteMsivuly  on  screw- 
machine  and  similar  work.  They  m^e  valuable  on  account  of  the 
eaia  with  which  any  niiinlwr  of  them  may  be  produced,  jnovided 
a  foi-ming  tool  is  u»cd  in  pi-oducing  the  sliapu  on   tlie   face  as 
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shown  in  Fig.  154.  After  the  blank  has  been  formed  to  the 
desired  shape,  it  may  be  milled  as  shown  in  Fig.  155  in  order  to 
provide  a  cutting  edge.  If  it  is  desired  to  produce  a  shape  on 
the  piece  being  machined  to  correspond  with  the  shape  of  tool,  it 
is  necessary  to  have  the  cutting  edge  radial  as  shown  in  Fig.  155. 
In  order  to  feed  the  tool  into  the  stock  faster  than  can  be  done 
with  the  form  shown  in  Fig.  155,  it  is  given  more  clearance  as 
shown  in  Fig  156.  On  a  tool  whose  cutting  edge  is  not  radial 
and  will  not  produce  a  shape  corresponding  to  its  own,  it  is 
necessary  when  cutting  the  edge  with  the  rake  shown  in  Fig.  156, 
to  make  the  face  of  the  tool  slightly  different  in  form  from  that 
desired. 


Fig.  154. 

After  milling  tlie  cutting  edge,  tlie  name  or  number  of  the 
tool  may  be  stamped  on  it,  after  which  it  is  ready  for  hardening. 
When  extremely  high  carbon  steel  is  used,  the  tools  sometimes 
crack  while  hardening  from  the  strain  incident  to  their  shape. 
In  order  to  oveicoine  this  tendency,  some  tool  makers  make  two 
extra  cuts  in  the  edge  as  shown  in  Fig.  157,  in  order  that  the 
hardened  edges  ni:iy  not  be  cracked  from  the  contraction.  Two 
cutting  edges,  as  sliown  in  Fig.  158  are  often  given  tools  in  order 
that  it  may  not  need  to  be  ground  as  often  as  when  it  has  but  one 
cutting  edge.  It  is  not  necessary  to  stop  the  screw  machine 
nearly  as  long  to  grind  both  cutting  edges,  as  to  stop  the  machine 
twice  to  grind  tlie  same  edge  on  account  of  the  time  necessary  to 
rig  up  the  grinder. 

When  hardening,  the  tool  should  be  heated  to  a  low  red  and 
plunged  in  a  bath  of  water  or  brine  from  which  the  chill  has 
been  removed  ;  it  should  be  worked  around  well  in  the  bath.     If 
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the  temper  is  not  to  be  drawn  after  hardening,  the  tool  may  be 
held  over  the  fire  after  removing  from  the  bath  and  heated  suffi- 
ciently to  remove  the  tendency  to  crack  from  internal  strains. 

On  account  of  some  weak  projection,  which,  because  of  its 


Fig.  156. 


Fig.  166. 


shape  is  likely  to  break  when  used,  it  is  sometimes  necessary  to 
dmw  the  tem[)er.  It  is  not  always  necessary  to  draw  the  temper 
to  a  straw  color,  and  as  a  light  straw  is  the  firat  temper  color 
visible,  some  other  means  must  be  employed.  The  tool  may  be 
placed    in  a  kettle   of  oil,  and  by  means  of  a  thermometer  any 


V'lfr.    157. 


Fig.  168. 


degree  of  heat  may  be  obtained.  The  writer  recalls  a  certain 
forming  tool  which  was  too  brittle  when  left  as  it  came  from  the 
hardening  bath,  yet  was  not  hard  enough  when  drawn  to  even  the 
faintest  straw  color.  When  taken  from  the  hanlening  bath,  it 
was  placed  in  a  kettle  of  boiling  water  and  left  there  about  five 
minutes.     The  heat  of  the  water  at  212°  reduced  the  brittleness 
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so  that  tlie  tool  etnod  tip  in  a  good  shape,  yet  it  did  not  jtercop- 
tibly  soft«ii  it. 

Tlie  following  is  an  eiccellent  plan :  Use  a  bath  of  water 
having  about  one  iiicit  of  oil  on  top ;  the  tool  after  being  heated 
red  hot  is  plunged  down  tlirougli  the  oil  into  tlie  water.  Enough 
oil  adheres  to  prevent  the  sudden  shock  which  the  steel  received 
when  plunged  into  the  cold  bath. 

"  Pauk  Hardening"  also  gives  excellent  results. 


Tool  Holders.     The  form  of  the  holder  for  the  tool  depends 

on  the  class  of  wnrk  to  be  done  and  the  machine  in  which  it  is  to 
be  used.  Fig.  l.OO  shows  ii  design  commonly  used  for  liiind 
S(;rew  ninchine  work.  If  the  cuts  are  compiiratively  light,  llie 
side  of  the  tnol  and  holder  ni:u- 
be  flat  as  shown.  If,  however, 
heiivy  cuts  aie  taken  which  woiiM 
Iiiive  a  tend(Micy  to  turn  the  tool, 
it  is  often  made  with  a  taper  pro- 
jection on  line  side  as  shown  in 
Fiif.  I(i0.  the  holder  having  a  c»r- 
i-esporuUng  taper  hole  to  rucfivf 
tlie  projection.  This  projection 
taper  hole,  but  should  not  go  in  far 
,  neither  should  the  side  of  the  tool 
tear  against  the  aide  of  the  holder. 

When  used  in  automatic  scrpw  macliincs  the  holder  is  gener- 
ally of  a  different  shape  f  ram  that  used  for  hand  screw  machines. 


li 
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A  very  common  form  is  shown  in  Fig.  161.  This  Jiolder  is  made 
in  the  form  of  an  angle  iron.  Tlie  fixture  (holder)  is  fastened  to 
the  tool  rest  by  means  of  the  bolt  shown.  The  tool  is  fastened  to 
the  upright  side  of  the  bolder  by  means  of  the  bolt  represented 
with  its  bead  let  into  the  forming  tool. 


When  extra  heavy  cuts  are  to  be;  taken  with  a  forming  tool, 
it  is  BOroetinies  considered  advisable  to  make  a  liolder  of  the  form 
shown  in  Fig.  102.  The  holder  is  bolted  to  the  tool  rest  in  the 
same  manner  as  the  one  represented  in  Fig,  161.  A  square 
thread  having  a  pitch  of  five  or  six 
threads  to  the  incli  is  cut  in  the  forming 
tool;  the  thread  sliould  l>e  right  or  left 
band  depending  on  which   side  of  the  ^„   igg_ 

machine  the  tool  is  to  be  located  when 

in  use,  the  thread  being  such  that  the  tool  will  tiglit<'n  by  the 
presaui-e  exerted  by  the  cut.  To  get  an  a<Ijustmi-nt,  tlie  thread  in 
the  holder  muKt  be  of  a  finer  pitch  than  that  in  the  forming  tool 
and  of  the  same  hand.  If  desired,  this  tool  may  be  used  in  the 
ordinary  form  of  holder  shown  in  Fig.  161  by  use  of  the  bolt 
shown  in  Fig.  163. 


Milling  machine  cutters  arc 
solid  and  with  inserted  teeth.     It 


MILLING  CUTTERS. 

iule   in   two  different  forms: 
customary  in  most  slinps  to 
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make  cutters  up  to  6  or  8  inches  in  diameter  solid,  and  above  ttiii 
size  they  are  made  with  inserted  teeth. 

SOLID  CUTTERS. 

When  making  solid  cutters  it  is  advisable  to  use  steel  some- 
what larger  than  the  finish  diameter  of  the  cutter.  A  hole  should 
be  drilled  in  the  blank  -^  inch  smaller  than  the  finish  size  of 
hole  and  the  outside  surface  should  be  turned  off.  After  anneal- 
ing, it  should  1)6  put  in  the  chuck  on  the  lathe,  the  hole  bored 
and  reamed  to  size  and  the  hole  recessed  as  shown  at  C  in  the 
sectional  view  of  Fig.  164. 

The  piece  should  now  be  placed  on  the  mandrel,  and  turned 
to  the  proper  diameter  and  length.  The  teeth  should  be  cut  in 
the  universal  milling  machine,  or  in  a  milling  machine  provided 
with  a  pair  of  index  centera.  The  number  of  cutting  edges  for 
solid  milling  cutters  varies  somewhat  according  to  the  nature  of 
the  work  to  be  done,  but  for  geneml  shop  use  the  following  table 
will  be  found  s^vtisfactory. 

CUTTING  EDOBS  FOR  MILUNQ  CUTTBRS. 


Diameter  of 

No.  of 

Diameter  of 

No.  of 

Cutter. 

Cutting  Edges. 

Cutter. 

Catting  Edget. 

H 

0 

2^ 

20 

H 

8 

3 

24 

1 

10  or  12 

«3^ 

26 

IX 

14 

4 

28 

i>< 

16 

5 

30 

2 

18 

6 

32 

For  most  work  it  is  desirable  to  liave  the  faces  of  the  teeth 
radial  as  sliowii  in  Fig.  104.  However,  when  milling  cutters  are 
made  to  run  in  the  direction  of  the  feed  or  onto  the  work  instead 
of  against  it,  tlie  teeth  should  be  given  a  negative  rake  (cu* 
ahead  of  the  center)  as  shown  in  Fig.  165,  as  it  has  a  tendency  to 
keep  the  piece  heing  milled  from  drawing  toward  the  cutters. 

When  cutting  the  teeth,  it  is  necessary  to  use  a  cutter  that 
gives  snflic'ient  (h*ptli  of  tooth  to  provide  a  receptJicle  for  chips? 
and  also  gives  a  foiiu  tliat  8up})orts  the  cutting  edges.  A  cutter 
may  be  used  that  will  produce  an  angle  of  about  50°  between  the 
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face  and  back  of  the  tooth  as  shown  at  A  in'  Fig.  164.  The  cat> 
ter  should  out  deep  enough  to  I«ave  the  lands  about  -^^  inch  in 
width  at  the  cutting  edges. 

The  form  of  cutter  shown  in  Fig.  164  Is  known  as  a  Side 


Fig.  184. 


Milling  Cutter.  When  cutting  the  teeth  on  the  sides,  it  is  neces- 
sary to  put  the  cutter  on  a  plug  whose*  upper  end  does  not  pro- 
ject much  above  the  top  face  of  the  cutter;   this  plug  may  be 

made  strmght  and  held  in  the  

chuck  on  the  end  of  spindle 
in  the  spiral  head.  Such  a 
plug  is  shown  in  Fig.  166 
inserted  in  the  cutter.  If 
manff  cutters  are  made  with 
teeth  on  the  sides,  it  is  ad- 
visable to  make  an  expanding 
arbor.  Fig.  167,  whose  shank 
fits  the  taper  hole  in  the  spin- 
dle of  the  spiral  head.  When 
milling  the  teeth  on  the  sides, 
the  index  head  must  be  in- 
dined  a  little  so  that  the  side 

of  the  mill  will  stand  at  a  small  angle  from  the  horizontal  in 
order  that  the  lands  of  the  teeth  may  be  of  equal  width  at  each 
end.     The  amount  of  this  inclination  cannot  readily  be  computed. 
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It  is  fonned  by  first  cutting  a  tooth  leaving  the  cut  somewhat 
shallow,  then  turning  to  the  next  tooth.  After  cutting  the  second 
tooth,  the  change  in  inclination  will  be  apparent. 

When  the  teeth  are  cut  and  the  burrs  removed,  the  diameter 
and  length  of  the  cutters  may  be  stamped  jus  shown  in  Fig.  164. 
The  cutter  is  now  ready  for  hardening.  To  successfully  harden, 
it  is  necessary  to  h:\ve  a  low,  uniform  red  heat ;  the  teeth  must  be 

no  hotter  than  the  portion 
between  the  hole  and  the 
bottom  of  the  teeth.  When 
held  toward  the  light  there 
should  be  no  trace  of  black  in 
tlie  interior  of  the  cutter. 
When  a  uniform  heat  no 
higher  than  is  necessary  to 
harden  the  steel  has  been 
obtained,  the  cutter  may  be 
plunged  into  brine  from  which 
tlie  chill  has  been  removed; 
it  should  be  worked  around  rapidly  in  the  bath  until  the  singing 
has  ceased.  It  should  then  be  removed  from  the  brine  and  im- 
mediately plunged  into  oil  and  allowed  to  remain  there  until  cold. 
When  cold,  the  cutter  may  be  taken  from  tlie  oil  and  heated 
sufficiently  to  prevent  crafting  from  internal  strains.  The  cutter 
may  now  be  brightened  and  tlie  temper  drawn  to  a  straw  color. 


Fig.  166. 
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Fig.   107. 

Qrinding  the  Hole  to  Size.  It  is  customarj'  to  ream  the 
holes  in  milling  cutters  to  size,  and  if  the  cutter  contracts  in  hard- 
ening, the  lioles  are  brought  to  size  again  hy  lapping  with  a  lead 
or  cast  iron  lap,  by  means  of  oil  and  emeiy.  Howev^er,  this  oper- 
ation does  not  provide  for  the  enlarging  of  the  hole.     While  this 
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is  an  unusual  occurrence,  it  sometimes  happens,  and  as  a  conse- 
quence the  cutter  does  not  fit  the  milling  machine  arbor  and  can- 
not do  as  good  or  as  much  work  aa  it  should. 

On  account  of  the  necessity  of  having  a  coriflct  fit  on  the 
milling  machine  arbor,  it  is  advisable  to  ream  the  hole  of  the  cut- 
ter with  a  reamer  about  .005  inch  under  tlie  size  of  the  arbor  and 
finish  by  grinding  after  the  cutter  is  hardened. 

When  grinding  the  hole  to  size,  the  cutter  may  be  held  in  a 
chuck  and  ground  with  a  small  emery  wheel,  using  tlie  internal 
grinding  attachment  as  shown  in  Pig.  16S.     This  attachment  is 


so  designetl  that  it  may  I>o  swung  out  of  the  way  when  gauging 
the  size  of  the  hole  as  shown  in  Fig.  Iti9.  After  grinding  the 
hole  to  size  it  is  advisable  to  grind  the  slumiders  on  each  side  of 
the  cutter  straight  and  true  with  tlie  hole  in  order  to  prevt-nt  lUiy 
possibility  of  springing  the  milling  machine  arlxir  by  any  unttiith 
on  the  part  of  the  cutter,  and  to  prevent  any  pi»sail>ility  nf  the 
cutter  running  out  of  true.  The  shoulder  (or  boss)  referred  to  is 
shown  in  A,  Fig.  164. 

There  are  two  methods  of  grinding  the  shoiildei-s.     By  one 
method  the  outer  shoulder  and  the  hole  are  ground  at  the  same 
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setting;  if  this  is  done  properly  this  shoulder  will  be  true  with 
the  holt;.  The  chuok  is  now  removed  from  the  grinder  and  a 
fa«e  plate  having  an  expanding  plug  ia  put  in  its  place.  The 
shoulder  that  has  been  ground  is  placed  against  the  face  plate 
with  the  expanding  plug  in  the  hole  of  the  cutter.  The  outer 
shoulder  may  be  ground  after  the  plug  is  expanded  until  the  cut- 
ter is  held  rigidly  in  place  against  the  face  phite  which  should  run 
perfectly  true. 

By  the  other  method  both  shoulders  are  ground  while  on  an 
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arlxir  which  is  necked  dmvn  each  sidt^  <if  the  entter  as  shown  in 
Fig.  170.  Tills  necking  allows  llic  wheel  to  traverse  the  whole 
length  of  the  wlioulder  iiinl  not  cut  into  tlio  iirbor,  as  would  be  the 
ca.se  if  an  ordinary  mandrel  were  used. 

Qrlnding.  In  order  to  get  the  l>est  results  from  a  milling 
cutter  it  is  necessarj'  to  use  some  form  of  grinder  having  a  means 
of  proi>erly  locating  each  tooth  as  it  is  presented  to  the  wheel. 
This  is  usually  accomplished  by  u  finger  which  nia}'  be  adjusted 
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to  the  proper  height  to  produce  the  required  amount  of  clearance. 
The  teeth  may  be  given  a  clearance  of  about  3°  as  shown  at  B, 
Kig.  164,  With  this  simount  of  clearance  the  cutter  works  freely 
and  retaina  itij  edge;   if  more  clearance  is  given  tlie  cutter  is 


Fig.  17a 


likely    to  shatter,   and   the   edgps  of  the   teeth  will  become  dull 
rapidly. 

Fig.  171  showj  t>  cutter  in  position  for  grinding  the  teeth;  it 
will  readily  be  seen  thi»t  the  tnoth  being  ground  rests  on  the  finger 
or  tooth  rest;  this  finger  may  be  adjusted  to  give  any  desired 
amount  of  clearance  to  the  tooth.  For  grinding  the  teeth  on  the 
»ide  of  a  milling  cutter,  a  small  emery  wheel  may  be  used  in 
order  to  get  the  necessary  amount 
of  clearance  without  touching  the 
tooth  next  to  tlie  one  being  ground. 

If  a  grinder  is  used  which  will 
take  a  cup  wheel  as  shown  in  Fig. 
172,  and  whose  table  can  \k  turned 
to  bring  the  cutter  in  the  position 
shown  in  Fig.  173,  a  form  of  clearance  is  given  the  tooth  which 
is  more  satisfactory  than  if  ground  with  a  small  wheel.  With 
the  cup  wheel  the  line  of  clearance  is  straight,  while  with  the 
small  plain  wheel  it  is  hollowed  out,  and  as  a  consequence  the 
ciutiDg  edge  is  weak. 

Aplral  nilllax  Cutters.     It  is  customary  in  most  machine 


Fig.  172. 
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shops  to  make  all  milling  cutters  of  more  than  ^  iiich  face  with 
teeth  cut  ejariilly  as  in  Fig.  174.  The  amount  of  spiral  given  the 
teeth  %'anes  in  different  shops  and  on  difFerent  claBBee  of  work. 

The  object  of  providing  spiral  teeth  is  to  maintain  a  unifonn- 
ity  of  cutting  duty  at  each  instant  of  time.  With  teeth  parallel 
to  the  cutter  axis,  the  tooth  on  meeting  the  work  will  take  the 
cut  its  entire  length  at  the  same  instant,  causing  a  jump  to  the 
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work  on  ;iri,'oiiiit  of  ilit-  s|)iiii<;i[iy  of  tlie  device  holding  the  work, 
and  of  llie  fiittt'r  ;iilji>i'.  If  llio  teelli  art;  cut  spirally,  the  cut  pi"o- 
ceeds  grailiiiiUy  iiloiig  tlie  wlmlf  length  of  tlio  tooth,  and  after  the 
cut  is  stiirtuil  a  iniif<irui  flitting  lu-tioii  is  niiiint-aint.'d,  producing 
smoother  wmk  and  a  triiui-  surf; no,  espt'^'iuUy  in  tlie  case  of  wide 
cuts. 

Milling  euttfis  nuiy  he  cut  with  either  a  right  or  left  hand 
spind,  or  helix,  alllnnigh  it  is  gpncrally  considered  good  practice 
to  cut  a  mill  liaviiig  a  wide  face  with  a  siiiral  that  will  tend  to 
force  the  cutter  iirlxir  into  tlie  spindle  I'iitlwr  than  to  draw  it  out; 
then  again,  it  is  hetter  to  hiivc  the  cutting  action  force  tlie  solid 
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shoulder  against  the  box,  rather  than  to  draw  the  adjusting  nut 
against  the  box. 

Where  two  very  long  mills  are  used  on  the  same  arbor  and  it 
is  found  necessary  to  cut  them  witli  a  quick  spiral,  one  cutter  is 
sometimes  cut  with  a  right  hand  spiral  and  the  oiher  with  a  left 
hand  spiral,  in  order  to  equdize  the  strain  and  reduce  the  friction 
resulting  from  the  shoulder  of  the  spindle  pressing  so  hard 
against  the  box. 

Special  care  should  be  taken  in  cutting  spiral  nulling  cutters 
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that  the  work  does  not  slip.  When  a  cut  has  been  taken  across 
the  face  of  a  cutter  it  is  best  to  lower  the  knee  uf  the  milling 
machine,  thus  dropping  the  work  away  from  the  mill  while  com- 
hig  back  for  another  cut;  the  knee  can  then  be  raised  to  its 
proper  position  which  may  be  determined  by  means  of  the  gradu- 
ated collar  on  the  elevating  shaft  of  the  m:ichine. 

As  it  is  important  that  the  face  of  the  cutting  tooth  be  radial 
and  straight,  it  will  he  found  neces.sary  to  use  an  angular  cutter 
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of  the  form  sliowii  iti  Fig.  175,  as  cuttera  of  this  form  readily 
clear  the  radial  face  uf  the  cut  and  so  remain  sharp  longer  and 
produce  a  smoother  surface  to  the  face  of  the  tooth  than  if  cut 
with  an  angukr  cutter  of  tho  form  used  for  cutting  teeth  which 
are  parallel  to  tlie  cutter  axis. 

The  angular  cutters  for  spiral  mills  are  made  with  either  40°, 
48°  or  53°  on  one  side  and  12°  on  the  other. 

By  setting  the  cutter,  as  shown  in  Fig.  175,  so  tliat  the  dis- 


tance A  is  one  twelfth  the  iliametfr,  the  face  cut  by  the  12°  side 
of  the  angular  cutter  will  Iw  nearly  radial  for  the  usual  pro- 
portions. 

The  setting  for  cutting  the  teeth  of  a  spiral  cutter  must  be 
made  before  turning  the  spiral  bed  to  the  angle  uf  the  spiral. 

nilHiig  Cutters  with  Interlocking  Teeth.  When  two  mill- 
ing cnttei's  of  an  equal  diametcf  are  to  !«■  iisi'd  on  the  same 
arlior  in  such  a  manner  that  the  enil  of  mie  cutter  is  against  the 
end  of  the  other,  the  corners  of  the  cutting  teeth  are  likely  to 
break  away  leaving  a  projection  —  or  fin  —  on  the  work  as  shown 
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in  Fig.  176.  In  order  to  overcome  Uiia,  part  of  the  teeth  are  cut 
away  on  the  sides  of  the  cutters ;  that  is,  a  tootli  will  be  cut  away 
on  one  cutter  and  the  corresponding  tooth  on  the  otlier  cutter  will 
be  left  full  length  to  set  into  the  reGe83  formed  by  the  cutting 
away  of  the  tooth.  In  some  shops  it  is  customary  to  cut  away 
every  other  tooth  while  in  others  two,  three  or  four  teeth,  will  be 
cut  away  and  an  equal  number  left.  Fig.  177  represents  a  pair 
of  mills  having  every  other  tooth  cut  away,  while  Fig.  178  repre- 
sents a  pair  having  four  teeth  cut  away. 


In  order  to  cut  away  the  teeth  to  make  the  cutter  of  a  form 
having  interlocking  teeth,  the  cutter  should  be  placed  on  a  plug 
or  expanding  arbor  as  described  for  milling  teeth  on  sides  of  side 
milling  cutters.  By  means  of  a  milling  cutter  having  the  proper 
widtli,  the  teeth  may  be  milled  away,  although  in  case  a  cutter 
having  several  teeth  cut  away  as  shown  in  Fig.  178,  it  is  well  to 
use  a  narrow  cutter  and  after  taking  one  out  turn  the  index  head 
1^0  that  the  next  tooth  is  in  position.  Continue  doing  this  until 
tlie  desired  number  of  teeth  are  cut  away.  The  index  head  msiy 
now  be  turned  to  paijs  over  the  required  number  of  teeth  and  the 
operation  repeated. 

It  is  necessary  when  making  cutters  with  interlocking  teeth 
(sometimes  called  dodged-teeth)  that  the  milling  be  deep  enough  to 
urevant  the  corresponding  tooth  on  the  other  part  of  the  cutter 
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from  striking  the  bottom  of  the  recess.     The  parts  of  the  cutter 
should  bear  against  each  other  on  the  shoulders,  or  hubs. 

An  excellent  form  of  milling  cutter  to  be  used  for  milling 
slots  or  similar  work  may  be  made  as  shown  in  Fig.  179.  This 
form  is  less  expensive  to  make  than  one  having  interlock- 
ing teeth  and  answers  the  purpose  as  well.  It  is  necessary  to 
make  an  eccentric  mandrel  of  the  design  shown  in  Fig.  180 
having  the  eccentric  centers  on    opposite  sides   of   the  regular 
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centers  as  shown.  Tlie  two  pieces  which  make  the  cutter  should 
be  cut  from  the  bur  long  enough  to  finish  the  thickness  of  the 
heaviest  part  A  A,  Fig.  119.  The  hole  is  made  -^^  inch  smaller 
than  finish  size,  the  outside  surface  turned  off  and  the  pieces 
annealed. 

After  annealing,  the  hole  may  he  made  the  desired  size  for 
grinding.  One  of  the  pieces  may  then  be  placed  on  the  eccentric 
mandrel,  forcing  it  on  until  the  side  that  is  to  be  beveled  is 
exactly  in  the  center  of  the  mandrel.  The  side  B  may  be 
macliincd  with  the  mandrel  running  on  the  regular  centers  while 
the  beveled  side  must  be  machined  with  mandrel  running  on  the 
eccentric  centers.  When  the  arbor  is  running  on  these  centers,  a 
distance  half  way  between  the  two  ends  runs  true ;  it  is  at  this  point 
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that  the  side  of  the  blank  to  receive  the  bevel  should  be  located 
as  shown  in  Fig.  181  provided  the  ecccDtric  centers  are  of  an 
equal  depth.  After  machining  the  two  parts  of  the  cutter  to 
shape,  they  should  be  so  placed  on  a  stud  that  the  two  beveled 
sides  will  be  next  each  other  as  siiown  in  Fig.  179,  and  the  thin- 
nest part  of  one  next  to  the  thickest  part  of  the  other.  The  pin 
hole  may  now  be  drilled  and  reamed  for  a  ^^  inch  pin  which 
should  be  inserted.  The  blank  is  next  placed  in  the  vise  on  the 
shaper  or  planer  and  the  spline  slot  cut  as  shown.     It  is  now  ready 
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to  be  milled.  After  the  cutter  is  hardened,  the  beveled  sides  may 
be  ground  true,  the  halves  put  together,  hole  ground  to  size,  and  the 
cutter  ground  to  thickness,  after  which  the  teeth  may  be  ground 
for  clearance.     If  it  is  found  necessary  to  increase  the  width  of 
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the  slot,  it  may  be  done  by  shimming  between  the  two  parts  of 
the  cutter  with  paper  or  thin  sheet  metal ;  the  design  of  the  cut- 
ter allows  this  to  be  done  without  leaving  any  fin  in  the  slot. 

Nicked  Teeth.  Spiral  cutters  with  nicked  teeth,  Fig.  182, 
are  especially  adapted  for  heavy  milling.  As  the  chip  is  broken 
up  a  much  heavier  cut  can  be  taken  than  would  be  possible  were 
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an  ordiiiaiy  cutter  used.  The  nicking  maybe  done  as  foIlowB; 
An  engine  lathe  may  be  geared  to  cut  a  threud  of  the  required 
pitch —  two  threads  to  the  inch  will  be  found  satisfactory  —  and 
with  a  round  nose  tool  ^  inch  wide  cut  a  thread  of  sufficient 
depth  that  it  may  not  grind  out  befoi-e  the  teeth  will  become  too 
shallow  to  allow  further  grinding.  This  thread  should  be  «nt 
before  milling  the  spaces  to  form  the  teeth. 


Angular  Cutters.  When  making  anguliir  cutters  the  same 
general  instructions  fjiven  for  making  solid  alraight  cuttere  should 
be  followed  except  that  the  desired  angle  should  be  given. 

When  milling  the  spaces  whicli  form  the  teeth,  the  index 
head  is  set  at  an  angle  that  will  cut  the  edge  of  the  tooth  of  air 
equal  width  its  entire  length.  After  removing  the  buiTs  the  cut- 
ter may  be  hardened  and  tempered.     The  hole  should  be  ground 
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to  size  and  the  sidea  ground  true  with  the  hole.  It  should  then 
be  placed  on  a  mandrel  or  stud  and  the  teeth  ground  for  clear- 
ance.  Fig.  183  shows  the  method  used  in  giinding  the  teeth  of  a 
mill  of  this  form. 


MILUNO  CUTTERS  Wl 

When  milling  cuttei-s  exceed  6  or  8  inches  in  diameter,  it  ia 
genet-ally  cheaper  to  make  the  body  of  caat  irou  or  machineiy 
steel  and  inseit  in  the  periphery  teeth 
made  of  tool  steel.  There  is  a 
variety  of  methods  for  holding  the  , 
teeth  in  place.  If  the  cutter  is 
row,  or  is  to  be  used  as  a  side  milling 
cutter,  the  grooves  to  receive  the 
teeth  may  be  cut  straight  (parallel  to 
the  cutter  axis)  as  shown  in  Fig.  184. 

If  the  cutter  face  is  over  one  inch  long,  the  slots  to  receive  the 
teeth  should  be  cut  In  such  a  manner  that  spiral  teeth  may  be 
used. 

While  it  is  a  comparatively  easy  matter  to   cut  the  slots 
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Big.  184. 


Fig.  186. 


Spirally,  it  ia  difficult  to  make  the  teeth  of  a  shape  that  will  fit  the 
spiral  slots  without  the  aid  of  special  tools.  Consequently  the 
slots  are  generally  milled  at  an  angle  to  the  cutter  axis,  having 
the  side  of  slot  that  corresponds  to  the  face  of  the  tooth  equidis- 
tant from  a  radial  line  at  each  end  of  the  cut.     The  face  of  the 
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slot  at  one  end  would  be  ahead  of  the  center,  while  at  the  oppo- 
site end  it  would  be  behind  the  center;  this  is  termed  a  front 
rake,  and  a  negative  rake  respectively. 

The  slots  should  be  cut  somewhat  wider  than  would  be 
necessary  were  the  teeth  to  be  made  of  a  spiral  form.  After  turn- 
ing to  size,  the  faces  of  the  teeth  may  be  milled  spirally  to  make 
them  radial. 

If  the  milla  are  intended  for  heavy  work,  the  teeth  may  be 
nicked  as  already  desciibcd.  Tlie  coarse  pitch  thread  should  be 
cut  before  the  teeth  are  milled  spirally. 


After  hardening,  the  teeth  may  be  put  in  place  and  fastened; 
they  are  now  ready  for  grinding.  Tlie  emery  wheel  for  grinding 
milling  machine  cutter  teetli  should  be  of  the  proper  grade  as  to 
hai'diK'PS  and  coarseness ;  if  liie  wheel  is  very  hard  or  Jine,  it  vn\\ 
be  likely  to  draw  the  temper  at  the  cutting  edges  of  the  teeth; 
the  emery  sliould  not  be  coai^ser  than  No.  60  or  finer  than  No.  90' 

If  the  faee  of  the  wheel  is  glazed,  remove  the  glaze  with  a 
piece  of  emery  wheel  snnK'wliat  haixler  than  the  wheel  in  use ;  this 
not  only  removes  the  glaze  bnt  makes  the  surface  of  the  wheel 
more  iipen  andle.-is  likely  to  glaze.  The  emery  wheel  should  run 
triif, ;  its  fiice  should  not  exeeed  |  inch  in  width.  Generally 
speaking,  the  .softer  the  emery  wheel  tlie/iid/cr  it  should  nm,  but 
the  peripheral  speed  should  not  exceed  .'),000  feet  per  minute. 

Fastening.      Thfie    are    si'veral    methods    for    fastening    the 
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teeth  in  this  form  of  cutter,  any  one  of  which  gives  satisfaction  if 
the  work  is  well  done. 

The  method  illustrated  in  Fig.  186  is  in  use  in  the  works  of 
the  Pratt  and  Whitney  Co.,  of  Hartford,  Coun.  In  this  design, 
between  every  second  pair  of  teeth  a  hole  is  drilled  and  reamed 
taper  to  receive  the  taper  pins  A  A,  after  which  the  slots  B  B  are 
cut  with  a  thin  cutter.  After  the  cutters  are  in  place  the  taper 
pins  A  A  ai-e  driven  into  the  holes,  thu^  locking  the  cutters.  To 
remove  the  cutters  the  pins  are  diiven  out. 

A  method  of  fastening  the  cutters  which  are  used  by  the 
Morse  Twist  Drill  &  Machine  Co.,  of  New  Bedford,  Mass.,  is 
shown  in  Fig.  187.  In  this  case  the  stock 
between  evei^y  second  pair  of  teeth  is 
milled  away  not  as  deep,  however,  as  the 
slots  for  the  cutters.  Wedge-shaped 
pieces  of  steel  ai-e  fitted  between  tlie  teeth 
usshown.  When  these  are  drawn  to  place 
by  means  of  fillister  headed  screws  they 
bind  the  cutters  very  securely.  If  the 
wedge  -shaped     binding     hloc-ks     touch 

the  bottoms  of  the  slots  they  will  not  hold  the  cutters  securely 
in  place. 

The  method  shown  in  Fig,  1,88  is  used  by  Brown  &  Sharpe 
Mfg.  Co,  of  Providence,  R.  I.  The  teeth  are  held  in  place  by 
taper  bushings  and  screws  as  shown. 

Standard  Key  Ways.  To  prevent  milling  machine  cutters 
turning  on  the  arbor  when  cutting,  it  is  necessary  (especially 
when  taking  heavy  cuts)  to  have  key  ways  cut  assiiowniii  Fig.  189. 

The  arbor,  of  course,  must  have  a  similar  slot  to  receive  the 
key.  It  will  be  noticed  that  the  dimension  D  refers  to  the  diam- 
eter of  the  hole  in  cutter,  and  not  to  the  diameter  of  the  cutter. 

Formed  Cutters.  As  used  by  the  Blown  &  Sliarpe  Mfg. 
Co.,  the  term  "Formed  Cutter"'  applies  to  the  cuttera  with  teeth 
so  relieved  that  they  can  be  sharpened  by  grinding  without  chang- 
ing their  form.  However,  the  term  "  Form  Cutter  "  can  l»e  ap- 
plied to  any  cutter  cutting  a  form  regardless  of  the  manner  in 
which  the  teeth  may  be  relieved.  Fig.  190  represents  a  formed 
cutter. 
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Formed  cutters  are  used  in  many  shops  where  work  of  irrego- 
lar  shHpe  Ls  milled  in  large  quantities,  as  in  sewing  machine,  gun 
iiiid  bicycle  shops. 

While  tills  style  of  cutter  can  be  made  to  better  advantage  in 
a  shop  equipped  with  machinery  designed  especially  for  this  class 
of  woik,  ail  ordinary  engine  lathe  can  be  converted  to  a  backing- 


STANDARD  KEY  WAYS  FOR  CUTTBRS. 


Inches. 

width  (W). 

Depth  (d). 
iDchei. 

R.d>»(R). 

i   to  ft 
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.020 

8  to  i. 

A 

.030 

i'=^J:;l^ 

s'j 

.03.> 

.040 

i,'«i-'i^ 

1 

.050 

Wlfyt 

f. 

.OfiO 

2,V  to-Jl 

.000 

,v 

.OflO 

off  lathi!  for  relieving  or  backing  off  the  cutteiii.  Or,  a  compiir* 
tively  inexpensive  lixttiro  (known  as  the  Balzar  liacking-oft  di"- 
vice)  niiij-  !»'  used.  However,  a  simple  arrangement  consLsts  of 
an  eccentrit:  arlwr  o]>erated  by  a  hand  lever,  or  a  stud  may  1« 
screwed  in  tlio  facei»late  of  a  lathe  ;  the  cutter  is  plaeeil  on  tliis 
stud  in  a  position  tliat  allows  the  teeth  to  be  given  the  neces.sary 
anioniU  of  clearance.  When  backing  off  the  teeth  of  cutteni 
whose  faces  do  not  exceed  1  inch  in  width  the  lialzar  l^a^■liing^lff 
fixture  sliown  in  l''ig.  191  can  l>e  used  to  advantage.     This  devici' 
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is  held  between  the  centers  of  a  lathe  in  the  ordiniiry  manner,  the 
bucking  off  being  such  that  the  cutter  ciin  he  ground  without 
alteration  of  sl^ipe.  The  t^iol  is  jso  constructed  that  it  is  only 
nucrssury  to  place  the  cutter  niton  the  arbor  in  the  ordinary  way. 
I'liicp  the  arbor  on  the  lathe,  centei-s  as  shown,  Ktart  the  lathe  and 
feed  the  foniiiiig  tool  in  by  the  cross-feed  sci^cw  in  order  to  take 


tiie  desired  cul  in  the  same  manner  as  in  plain  turning.  The 
ratchet  connected  with  the  arbor,  and  actuated  by  the  pawl,  con- 
tains ordinarily  thirty-six  teeth  and  the  stroke  can  be  set  to  Itack 
off  a  cutter  with  9,  12,  18  or  36  teeth. 

Backlns  oif  by  an  Eccentric  Arbor.  An  arbor  may  be  made 
having  a  pair  of  centers  located  to  give  the  cutter  tooth  the  re- 
•juired  amount  of  clearance ;  such  an  arbor  is  shown  in  Fig.  192. 
The  eccentric  centers  are  shown  at  the  sectional  pin-tions  at  the 
tnds.     The  amount  of  eccentricity  deiiends  somewhat  on  the  size 
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of  the  cotter  to  be  backed  off;  bat  for  cutters  not  exceeding 
4  inches  diameter,  from  ^^  to  ^  inch  will  give  excellent  results. 

The  screw  at  the  end  of  the  arbor  should  be  of  a  fine  pitch; 
about  12  threads  per  inch  for  arlxtre  I  inch  diameter.  The  object 
in  cutting  a  line  j»iuh  thread  is,  ilie  cutter  beiug  backed  oS  may 


fig.  192. 

Ite  held  mure  securely  with  the  same  amount  of  power  exerted  in 
tightening  tie  nut;  again  the  depth  of  thread  is  not  as  great 
as  for  a  thread  of  coiirscr  pitch,  and  as  a  consequence,  the  plane 
portion  at  the  end  of  the  arbor  (which  is  made  the  size  of  the 
bottom  of  the  thread)  may  be  left  laige  enough  to  get  in  a  center 
hole  of  good  size  having  }  incli  eocentricity. 


ThL-  spline  cut  slioiiM  lie  at  h':»st  \  inch  wido  and  about^  inch 
deep  ;  the  walU  of  the  cut  slKinld  Iw  parallel  in  order  that  the 
screwH  shown  in  Fig.  li):j  as  parsing  tlinmgh  the  collar  and  enter- 
ing the  slot  in  the  arbor,  may  have  a  good  I>earing.  These  screire 
are  to  keep  the  collar  fnirii  twrniiig  when  the  necesaaiy  power  is 
applied  to  the  nat  when  fastening  the  lutter  in  place.  The  collar 
on  the  opposite  side  of  the  cutter  has  a  spline  cut  the  same  width 
as  cut  in  the  arbor,  and  is  held  in  position  by  a  spline  as  shown. 
The  cutter  cannot  Ix"  held  hy  a  spline  us  it  is  necessary  to  move 
it  each  time  a  tooth  is  hmught  into  position  for  backing  off. 
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When  iniicliining  the  cutter  blank,  it  is  given  the  desired 
shape  by  means  of  a  forming  tool.  If  the  shapes  vary  much  in 
size  the  shape  may  l)e  roughed  out  before  using  the  forming  tool. 
After  it  has  been  machined  to  the  desired  size  and  shape,  it  may 


Fig.  194. 


Fig.  195. 


be  placed  between  the  centers  of  the  milling  machine,  and  a  num- 
ber of  grooves  cut  the  entire  length  of  the  cutter.  The  number 
of  grooves  must  correspond  to  the  number  of  teeth  the  mill  is  to 
have;  these  grooves  cannot  be  cut  to  finish  width 
until  after  the  teeth  are  backed  off,  because  the  form- 
ing tool  cuts  a  trifle  deeper  at  the  point  of  contact, 
making  it  necessary  to  mill  a  small  amount  from  the 
face  of  the  tooth  after  backing  off.  The  grooves 
are  s<mietimes  cut  with  a  thin  milling  cutter,  or  a 
metid  slitting  saw  ^  inch  thick.  When  a  groove  of 
this  description  is  cut,  the  cutter  has  the  a^jpearance 
shown  in  Fig.  194.  Cutting  a  groove  of  this  form 
makes  more  work  for  the  operator  than  when  cut  as 
shown  in  Fig.  195,  in  which  the  distance  across  the 
tops  of  the  teeth  is  decreased  by  using  an  angular 
cutter  of  the  shape  shown  in  Fig.  196.  After  cut- 
ting the  grooves  the  cutter  may  be  placed  on  the  eccentric  arbor 
which  is  held  between  the  centei*s  of  the  lathe  in  the  ordinary 
manner.  A  forming  tool  that  will  produce  the  desired  shape  of 
tooth  is  placed  in  the  tool  post ;  the  top  face  of  the  tool  must  be 
set  at  the  exact  height  of  the  center  of  the  lathe  in  order  to 
produce  the   proper  sh:ip(».      Fig.    197  shows  an  eccentric  arbor 


Fig.  196. 
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in  a  lathe  in  pnsitinn  to  buck  off  the  teeth  of  a  formed  mill.  The 
iiiljor  is  rnjiTiited  by  means  of  the  lever.  The  arbor  is  entirely 
indepenilent  of  the  spindle  Jii  its  action,  the  eccentric  centers  being 
placed  on  tlie  oeiiU-i-s  of  tlie  lathe,  and  the  necessary  motion  jjiven 
l)y  means  of  tliu  lever  which  strikes  the  carrii^e  at  the  end  of  the 
stroke.  In  order  to  avoid  bruising  the  lathe  a  strip  of  leather  is 
attiiched  to  the  lever  as  shown. 

To  set  the  cutter  tooth  in  the  proper  location  before  backii^ 


'■■"■ 

riiif^i'. 

„11, 

'  l.'Ii. 

Tli 

,.  „l,j. 

to  I 

pn-vi- 

U],. 

end 

,'i-f  "f  tiuii  sheet  iiif'tal  is  placed  on  the  top  face  of  theC=^ 
shnwii  in  I-'iir.  lim.  'J'he  Icver  is  brought  d<.wn  no  to  the-^ 
,  till'  toolli  of  the  cutter  is  Inought  down  on  to  tlie  sheet 
111  the  nut  tightened.  The  tooth  to  be  hacked  off  is  the 
.w  that  aet  to  tht-  thickness  of  the  strip  al>ove  the  tool. 
eit  in  raising  the  toi'th  a  given  distance  above  tlie  face  is 
rit  the  one  being  backed  from  and  striking  the  tool  at 
of  stroke.  Again  the  teeth  are  set  alike.  This  operation 
repeated  for  the  setting  of  eacli  tooth  before  Iwcking  <.ff. 
ming  tn,)l  is  fed  bv  iiieiiiis  of  the  cross-feed  screw,  a  tootli 
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ia  backed  off  nearly  the  desired  amount  leaving  a  little  for  a  finish 
cut ;  the  tcol  is  witlidniwn,  the  nut  loosened  and  the  cutter  turned 
on  the  arhor  to  bring  the  next  tooth  in  position  to  be  hacked  off. 
This  operation  may  lie  repented  until  all  the  teeth  are  l^icked  off 
alike.  The  amount  of  backing  ofE  must  be  determined  by  the 
doas-feed  stop,  or  a  graduated  dial  nn  the  cross-feed  screw.  After 
the  mnghing  cut  huH  Wen  taken  on  all  tln^  teeth,  the  forming  tool 
BMqr  be  sharpened  by  grinding,  or  by  oil  stoning,  and  the  finish 


Fig.  IDS. 


cut  taken  on  the  teeth.  Another  method  of  backing  off  cutter 
teeth  is  shown  in  Fig.  199.  A  atutl  h  screwed  in  the  faceplate 
of  a  lathe  near  the  outer  edge  as  shown.  The  cutter  which  must 
be  a  fit  on  the  stud  is  clamped  by  means  of  the  nut  shown.  The 
finger  A  is  movable  in  the  slot  in  the  .stationary  liloek  B  which  is 
located  on  the  face  phite  to  bring  the  tooth  to  be  iKicked  off  in  its 
prf>i>er  location,  and  keeps  it  from  turning  when  Ijeing  operated 
on.  The  forming  tool  is  fed  in  giiidually  until  the  tooth  is  formed. 
The  finger  is  then  disengaged  fnmi  the  -space  in  the  c-utter,  whioli 
is  revolved  by  means  "f  the  si't  screw  until  the  next  is  in  poHition. 
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Each  tooth  in  machined  seperately,  that  is,  the  forming  tool  is  fed 
in  the  required  distance  for  each  tooth  when  it  is  in  position. 
The  cutter  is  turned  until  the  next  tooth  is  in  position,  and  the 
process  repeated  until  each  tooth  has  been  backed  off. 

In  backing  off  cutters  in  this  device  it  is  necessary  to  cut  the 
notches  (spaces  between  the  teeth)  somewhat  wider  than  the 
teeth. 

When  backing  off  the  teeth  for  clearance  by  any  of  the 
means  described,  it  is  litst  necessary  to  form  the  blank,  then  gash 
it  or  cut  the  notches  tis  described ;  the  teeth  are  now  backed  off. 


I 


After  backing  off  it  is  necessary  to  mill  the  face  of  the  tootli  back 
jjV  inch  or  so  to  cut  inviiy  ''the  jump''  (as  it  is  termed)  caused 
by  tlie  forming  tool  drawing  in  a  trifle  wlien  it  first  strikes  the 
edge  of  the  tootli. 

Threaded  Holes.  It  is  often  necessary  to  make  milling  cut- 
tei-s  with  threaded  holes.  This  happens  in  the  case  of  small 
angular  cuttei's,  and  many  styles  of  cutters  for  use  on  profiling 
(edge  milling)  machines. 

The  same  general  instrnetions  for  making  the  other  forms  of 
cuttei's  apply  to  those  with  threaded  holes,  except  that  instead 
of  reaming  the  hole  to  a  given  size  the  thread  is  cut  with  a  tap 
of  the  proper  size  and  pitch  or  it  is  chased  in  the  lathe.  After 
threading,  the  cutter  should  be  screwed  on  to  a  threaded  arbor. 
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Fig.  200  shows  an  arbor  of  this  description.  The  end  A  is  threaded 
slightly  tapering  for  short  cuttei-s  about  .002  inch  in  1  inch  of 
length.  On  the  taper  end  of  the  arbor  a  thread  should  be  cut 
of  a  size  that  will  not  allow  the  cutter  to  screw  on  the  arbor  quite 
the  entire  length,  that  is,  the  cutter  should  overhang  the  threaded 


A 
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2 

13 

11  III 

\\^ 

^^mnwH ^ 

Fig.  200. 

portion  of  the  arbor  a  trifle  (say  one  thread) ;  this  allows  the 
outer  end  to  be  squared  up  without  mutilating  the  threads  on  the 
arbor.  The  reason  for  using  the  taper  end  of  the  arbor  when 
squaring  the  first  end  of  the  cutter  is  that  the  shoulder  is  true 
with  the  thread  in  the  cutter.  After  squaring  this  shoulder,  the 
cutter  blank  may  be  removed  and  placed  on  the  opposite  end  of 


Fig.  201. 


t^lie  arbor  with  the  side  that  has  been  squared  against  the  shoulder 
^f  the  arbor.  This  method  of  machining  pieces  of  work  having 
^  threaded  hole,  where  it  is  desirable  that  the  outer  surfaces  be 
"ti-ue  with  the  hole,  is  applicable  to  all  classes  of  work.  The  cut- 
ter may  be  machined  to  length  and  shape  on  the  straight  end  of 
^rbor. 

Fly  Cutters.     The  simplest  form  of  milling  machine  cutter 
ia  known  as  a  fly  cutter.     It  has  only  one  cutting  edge  but  is 
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particularly  valuable  when  making  but  one  or  two  pieces  of  a  kind 
for  experimental  work,  and  when  making  and  duplicating  screw- 
machine  and  similar  tools  of  irregular  shape. 

As  tliese  cutters  have  but  one  cutting  edge,  they  produce 
work  very  accunite  as  to  shape,  but  cut  very  slowly  and  do  not 
last  as  long  as  those  having  more  teeth.     However,  they  are  used 

on  8pecial  work  on  account  of  the 
small  cost  of  making.  It  is  necessaiy 
to  hold  the  cutters  in  a  fly  ctitUr 
arhor  which  is  shown  in  Fig.  201. 

The  cutter  to  be  used  in  a  fly 
cutter  arbor  may  be  filed  to  a  temp- 
let, giving  the  necessary  amount  of 
clearance  in  order  that  the  back 
edge,  or  keel,  may  not  drag.  If  it  is  desirable  to  make  the 
impression  in  tlie  fly  cutter  with  a  milling  cutter  of  the  regular 
form,  the  piece  of  square  steel  from  which  the  cutter  is  to  be 
made  may  be  held  in  the  milli..^  machine  vise  and  the  shape  cut 
with  the  milling  cutter.  The  desired  amount  of  cleanmce  may 
])e  given  by  holding  the  piece  in  the  vise  at  an  angle  of  a  few 
degrees. 

To  iniike  a  fly  eutter  from  a  forming  tool,  the  piece  of  steel 
may  be    held  in  the  ily  ciUter 


Fi^.  5202. 


Fig.  203. 


arbor  in  siieli  a  })ositi()ii  that  tlie 
face  is  so  in  e  w  h  a  t  back  of  a 
i-adiallini^  as  shown  in  Fii^.  202. 
After  ]uir(]enin<j:  the  cutter  may 
be  set  so  that  the  ctittin^''  ed^e 
will  be  radial  and  the  clearance 
will  be  as  sliowii  in  V'\\x.  2o3. 


Ck^ 


Fi^r.  204. 
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Another  method  of  i^^ettintif  tlie  clearance  for  the  cutter  i^ 
place  the  top  of  th(^  cutter  blank  as  near  the  arbor  as  possible  *^' 
then  cut  the  desired  shape.  If  the  cutter  is  set  in  the  arlK>»'  ' 
that  it  projects  from  the  surface  it  will  have  the  necessary  ol<^** 
auce  as  shown  in  V'vjr,  2()4.  A  lepresents  the  position  of  the  bb*'' 
while  heiuL^^  cut  and  H  the  cutter  in  position  for  cutting:  ^'^^ 
dotted  line  showing  the  circle  through  which  the  cutting  e^'^^ 
liavels,  the  anioiuit  of  clearance*  is  apparent. 
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End  Mills.  This  form  of  milling  machine  cutter  (Fig;  205) 
is  familiarly  known  as  a  shank  mill.  The  term  is  used  on 
account  of  the  shank  B  which  in  small  milling  cutters  fits  into  a 
collet.  This  collet  in  turn  fits  the  hole  in  the  spindle  of  milling 
machine.  The  collet  referred  to  is  used  to  save  stock  in  making 
the  cutters  as  otherwise  it  would  be  necessary  to  use  steel  large 
enough  to  make  a  shank  of  the  size  of  hole  in  the  spindle  of  the 
milling  machine. 

The  cutter  shown  in  Fig.  205  is  what  is  termed  a  left  hand 
mill ;  if  the  teeth  run  in  the  opposite  direction,  it  is  called  a  right 
hand  mill. 


Fig.  206. 

In  making  a  shank  (or  end)  mill  of  the  form  shown  in  Fig. 
205  stock  should  be  selected  enough  larger  thiin  the  cutting  end 
A  to  allow  of  turning  off  the  decarbonized  surface  of  the  steel. 
After  facing  the  ends  to  length,  and  turning  the  roughing  chip, 
the  end  A  may  be  run  in  the  steady  rest  of  the  lathe  and  the 
center  cut  away  —  or  recessed  —  as  shown  at  C.  The  blank 
should  be  recentered  and  countersunk  to  furnish  a  center  to  use 
in  turning  the  mill  to  size  and  shape.  The  object  in  cutting  the 
center  out  as  shown  is  to  furnish  a  cavity  for  the  angular  cutter 
used  in  cutting  the  teeth  on  the  end  of  the  mill.  Without  this  it 
would  be  impossible  to  grind  satisfactorily. 

After  recentering  the  end  C,  the  tenon  I)  may  be  turned  to 
size  and  milled  to  thickness,  which  should  be  a  trifle  (^V  inch) 
less  than  the  width  of  the  center  key  slot  in  the  collet.  The  taper 
at  B  should  be  turned  enough  larger  than  finish  size  to  allow  for 
grinding  after  the  milling  cutter  is  hardened.  The  cutter  end  A 
should  be  turned  .010  inch  larger  than  the  required  diameter. 
The  ])ortion  E  should  be  turned  ^V  inch  smaller  than  the  large 
end  of  B  or  to  dimensions  if  any  are  given  on  the  drawirgs. 


335 


130 


TOOL   MAKING. 


In  order  to  insure  teeth  strong  enough  to  resist  the  strain  of 
cutting,  an  angular  mill  should  be  selected  that  will  give  the 
required  shape.  In  Fig.  206  is  shown  a  form  of  cutter  tooth  too 
weak  for  actual  service  ;  this  tooth  is  the  result  of  using  an 
angular  cutter  with  a  cutting  face  forming  an  acute  angle  with  the 
side.  Fig.  207  shows  a  cutter  whose  teeth  are  strong,  yet  deep 
enough  to  be  practical ;  these  teeth  were  cut  with  an  angular  mill 
of  less  angle.     Fig.  208  represents  a  cutter  whose  teeth  were  cut 


Fig.  206. 


Fig.  207. 


Fig.  208. 


Fig.  209. 


with  the  same  cutter  used  for  Fig.  206.  The  teeth  were  cut  to 
the  required  depth  first ;  this  of  coui*se  leaving  them  too  thick  at 
the  cutting  edges  as  shown  in  Fig.  209.  After  cutting  the  teeth 
as  uhown  at  A,  Fig.  209,  the  index  head  wa^  turned  sufficiently 
to  "^.ut  the  teeth  as  shown  at  A,  Fig.  208. 

After  cutting  the  teeth  around  the  circumference  of  the  mill. 


Fig.  21C. 


it  should  be  placed  in  the  collet  and  the  collet  put  in  the  spindle 
hole  in  the  spiral  head  in  order  to  cut  the  teeth  on  the  end. 

VVlien  cutting  the  teelli  on  the  end  of  the  mill,  the  spiral 
head  is  turned  until  the  cutter  is  in  a  horizontal  position.  The 
angular  cutter  used  should  not  have  a  very  acute  angle  or  the 
teeth  will  be  weak.  An  80°  angular  milling  cutter  will  be 
satisfactory. 

Spiral  End  Mills,  It  is  sometimes  advisable  to  cut  the  teeth 
of  end  mills  spirally  as  shown  in  Fig.  210.     As  there  is  no  support 
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at  the  outer  end  of  this  form  of  mill  it  will  be  necessary  to  cut 
the  teeth  of  a  spiral  that  will  have  a  tendency  to  force  the  mill 
into  the  collet  rather  than  draw  it  out.  Fig.  210  represents  a  left 
hand  end  mill  cut  with  a  right  hand  spiral. 

Bnd  Mills  with  Cenier  Cut.     This  form  of  End  Mill  is  use- 
ful when  it  is  necessary  to  cut  into  the  work  with  the  end  of  the 


mill,  and  then  move  along  as  in  dies,  cams,  and  grooves.  The 
teeth  being  sharp  on  the  outride,  cut  a  path  from  tlie  point  of 
entrance.  The  coai-ser  teeth  allow  a  heavier  cut,  especially  in 
cast  iron.  Fig.  211  shows  two  views  of  an  end  mill  with  center 
cut. 

After  cutting  tlie  teeth  on  the  end  with  an  angular  cutter,  a 
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thin  straight  faced  cutter  of  aniAll  di  uiicter  atioiiiil  In  i  iin  through 
close  to  tlie  face  «f  the  cutter  tooth  nitknig  a  Liit  ix  ffliuwn  at  A  ; 
this  cut  should  be  of  sufficient  depth  to  peimit  of  biickiiig  oS  tlie 
inner  edge  of  the  tool  as  shown  at  B  Wwa  clcariiKe  allows  tlie 
mill  to  cut  away  the  sliglit  piojectioii  kft  in  thi.  ctnttr  of  mill 
when  it  i^  fed  into  a  piece  of  work.  Sucli  a  projection  is  shown 
»t  A  in  Fig.  212. 

T-Slot  Cutters.      In   cutting   T    slots    in    various    parts   of 
/jachines,  such  aa  luilliag  machine  carriages,  etc.,  it  is  necessary 
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to  use  a  form  of  shank  mill  known  as  a  T-Slot  Cutter.  Fig.  213 
sliow^s  the  ordinary  form  of  T-slot;  while  Fig.  214  shows  the 
cutter.  A  portion  of  the  stock  below  the  teeth  is  cut  away  as 
sliown  at  A  A  in  the  sectional  view  Fig.  215.  This  is  necessary 
in  order  to  back  off  the  teeth  on  the  sides  of  the  cutter  for  clear- 
ance, and  to  do  away  as  far  as  possible  with  unnecessary  friction 
when  the  cutter  is  working. 


Fig.  214. 


T-slot  cuttei*8  are  usually  made  ^\y  inch  larger  in  diameter 
than  the  size  designated  on  the  cutting  portion  to  allow  for  sharp- 
ening; that  L^,  a  mill  intended  for  cutting  a  slot  J  inch  wide  is 
made  |  +  ^V  or  ^|  inch  diameter,  unless  intended  for  cutting  a 
slot  to  given  dimensions. 

It  is  advisable  to  harden  mills  of  this  description  the  entire 
length  of  the  neck,  especially  if  the  neck  is  of  small  diameter; 
otherwise  tliey  will  be  very  likely  to  spring  when  in   use.     After 

hardening,  the  neck  should  be  drawn  to 
a  blue  color,  while  the  cutting  part  should 
he  drawn  to  a  straw  color. 

When  grinding  end  mills,  the  shank 

ill   all  eases  should  be  ground  firet  to    fit 

the   collet  or   holder,  allowing  it  to  enter 

/tfr    enouf/h  to   key    out    readily,    3et    not 

enough  to  allow    tiie  shoulder    above  the 

tenon  to  strike  the  shoulder  in  the  collet. 

After  grinding  tlie  teeth  for  clearance  on  the  diameter,  the 
teeth  on  tlie  end  should  be  ground.  Most  tniiversal  and  cutter 
grinders  are  provided  with  a  fixture  for  holding  the  mill  by  the 
shank  while  grinding  these  teeth;  such  a  fixture  is  shown  m 
Fig.  216. 

Face  Millins^  Cutters.  This  form  of  cutter  is  used  in  milling 
surfaces  too  large  to  be  cut  with  the  ordinary   form  of   milling 
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cutter  held  on  an  arbor  passing  over  the  work.  As  the  full  diam- 
eter of  the  face  of  the  cutter  may  be  used,  it  may  have  less  than 
one  half  the  size  that  would  be  necessary  (or  a  side  milling  cutter. 
A  side  milling  cutter  must  be  double  the  diameter  of  the  surface 
to  be  cut  plus  the  diameter  of  the  collar  on  the  arbor.  For  in- 
stance if  a  surface  as  A,  Fig.  217,  were  to  be  milled,  it  would  be 
necessary  to  use  a  cutter  somewlint  larger  in  diameter  than  twice 


Fig.  2ia. 


the  height  of  the  surface  plus  llie  diameter  of  collar  H.  Whereas 
if  a  face  milling  cutter  of  the  form  shown  in  Fig.  218  were  used 
the  diamett^T  need  not  be  much  greater  than  the  height  of  the  face 
of  the  piece  of  work  being  milled. 

Generally  speaking,  cutters  of  this  description  are  necesBarily 
of  a  diameter  that  makes  it  advis.ible  to  use  iiiserted  teeth  as 
shown  in  Fig.  218.  The  body  may  l>e  made  of  cast  iron,  having 
a  taper  hole  and  key  way,  and  held  in  place  on  the  arbor  by  a 
screw. 

The  teeth  may  be  made  of  tool  steel  and  hardened,  or  of  self- 
bardening  steel  if  the  cutter  is  to  he  Biibjcuted  to  rough  usage.    In 
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either  case  they  may  be  fitted  to  the  slots  by  grinding  on  a  surface 
grinder,  and  held  in  place  by  taper  bushings  and  screws  as  ex- 
plained under  '*  Milling  Cuttere  with  Inserted  Teeth."  The  con- 
struction of  the  body  may  be  readily  understood  from  the  sectional 
view  given  in  Fig.  219.  The  letters  A,  B,  and  C  represent  the 
diameter  of  cutter,  width  of  face,  and  number  of  taper  of  the  hole 
respectively,  while  D  represents  the  key  way. 

The  following  table  gives  the  dimensions  of  Face  Milling 
Cutters  of  different  diameters^ 


PACE    MILLING  CUTTERS. 


A 

B 

C 

H' 

2  ' 
2  ' 
2  ' 

2|' 
21" 

No.  10  Brown  &  Sharpo  Taper. 

t.     in             **           **             (*                   *< 
i<      lO              *«            *t               **                     ** 
(t       lO               **             '*               **                      *' 
it      lO              t*            **              <*                     •* 

After  boring  and  reaming  the  taper  hole,  the  body  of  the 
cutter  may  be  placed  on  a  taper  mandrel  fitting  the  hole,  and  the 

ends  and  circumference  fin- 
ished to  size.  It  should  then 
be  placed  in  the  vise  on  the 
shaper  or  planer  at  the 
proper  angle  and  the  spline 
slot  cut  of  an  equal  depth  at 
each  end  of  the  taper  hole. 
After  removing  the  burrs  it 
should  be  placed  between  the 
centers  on  the  milling  ma- 
chine, and  the  slots  cut  for 
the  teeOh. 

When  the  teeth  are 
firmly  secured  in  their  proper  places,  they  may  be  ground  for 
clearance  ;  the  same  general  instructions  given  for  grinding  other 
forma  of  milling  machine  apply  to  this  form. 

Arbors  For  Face  Milling  Cutters.     In.  Fig.  220  is  shown  an 
arbor  to  be  used  in  connection  with  face  milling  cuttere.     The 
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shank  A  fits  tlie  liole  in  the  Bplndle  of  the  milling  machine.  I!  is 
tlie  body  whicli  fits  the  taper  hole  in  the  cutter ;  this  portion  of  the 
arbor  has  >\  spline  which  fits  a  spline  slot  in  the  cutter.  A  screw 
C  entei-s  the  body  of  the  arbor  and  is  used  in  holding  the  cutter 


PiR.  21  s. 
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on  the  arbor.     D  is  a  nut  used  to  force  tlie  cutter  off  the  arbor 
when  it  is  necessarj-. 

Stock  used  in  milking  an  jirbor  for  a  face  milling  cutter 
should  bo  strong  and  stiif,  and  on  this  account  tool  steel  is  gen- 
erally uaed.     After  .squaring  the  end  and  roughing  out  the  cir- 


Fig.  2ao. 


cumtercnce,  one  end  should  he  run  in  the  steady  rest  and  the 
screw  hole  in  the  end  drilled  and  tiipped,  after  which  it  should  be 
countersunk  at  the  end  to  furnish  a  center  for  use  in  turning  and 
finishing.  The  tenon  should  now  be  turned  to  size  and  milled  to 
thickness.  If  necessarj-  to  harden  the  end  of  the  tenon  it  should  be 
done  befm-e  finish  turning  the  arbor  to  pieveiit  springing  when  heat- 
ing.    After    turning    the   taper    to   tit  the   hole   in   the  milling 
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machine  spindle^  and  on  the  opposite  end  to  fit  the  cutter,  the 
thread  may  be  cut  for  the  nut  D,  Fig.  220,  after  which  the  arbor 
may  be  cut  for  the  ^^pline  as  already  explained. 

The  result  will  be  more  satisfactory  if  the  two  tapers  are  left 
a  trifle  large  until  after  cutting  the  spline  cut  and  are  then  ground 
to  fit.  Although  the  spline  is  intended  to  fit  snugly  in  the  dot 
in  the  arbor,  the  fit  should  not  require  pres^^ure  enough  to 
endanger  the  truth  of  the  arbor  when  it  is  pressed  to  position. 

DRILL  JIQS. 

A  drill  jig  is  a  device  for  holding  work  so  tluit  one  or  more 
holes  may  l>e  accuiiitely  drilled  ;  the  locations  of  the  holes  may  be 
governed  by  hardened  bushings  (guides)  through  which  the  drills 
run. 

The  design  of  a  jig  depends  entirely  on  the  shape  of  the 
piece  and  the  nature  of  the  work  to  be  done.  Jigs  should  be  so 
designed  that  work  ni:iy  be  placed  in  and  taken  out  of  them  as 
quickly  as  possible.  The  fjistening  device  should  allow  rapid 
manipulation,  yet  be  capable  of  holding  the  work  without  danger 
of  a  change  of  location. 

The  construction  of  drill  jigs  calls  for  as  great  accuracy  a« 
any  branch  of  the  tool-maker's  business ;  but  no  undue  accuracy 
should  be  indulged  in.     If  the  location  of  a  hole  is  near  enougV^ 
when  within  a  limit  of  variation  of  ^^  inch  it  is  a  waste  of  time  to 
attempt  to  get  it  within  .0005  inch.      Yet  if  the  work  is  of  sucV^ 
charactcjr  that  it  is  necessary  that  the  holes  l)e  within  a  limit  CF^ 
variation  of  .0001  ineh  or  even  closer,  every  effort  should  be  mad 
to  locate  the  drill  bushings  as  accurattdy  as  possi])le. 

While  the  desigTi  of  the  jig  and  the  chanK^ter  of  the  work  to 
be  drilled  must  necessarily  determine  the  method  of  construction, 
a  few  general  points  may  not  be  amiss.  The  amount  of  finish 
Gfiven  the  exposed  surfaces  of  a  jii;  must  be  determined  by  the  cus- 
tom or  requirements  of  the  individual  shop.  In  many  shops  it  is 
not  c(/nsidered  necessary  nor  advisable  to  finish  the  surfaces  any 
more  than  to  allow  of  their  being  wiped  without  the  waste  stick- 
ing to  the  jig. 

A  jig  should  be  constructed  so  that  it  may  be  Ciusily  cleaned. 
Chips  or  dirt  between  the  niece  of  work  and  the  seatiiu;  surface. 
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or  between  the  work  and  the  stops,  or  locating  points,  throw  the 
work  out  of  true.  As  a  result  the  holes  will  be  at  a  wrong  angle 
to  the  working  surface,  or  they  will  be  improperly  located.  Either 
condition  would  make  the  pieces  unfit  for  use  on  most  work,  con- 
sequently bearing  surfaces  (wherever  possible)  should  be  cut 
away  leaving  several  small  seating  surfaces,  rather  than  one  large 
one.  A,  Fig.  221,  shows  a  piece  of  work  resting  on  its  entire 
seating  surface  ;  while  B  shows  a  surface  cut  away  to  leave  six 
bearing  points.  If  the  seating  surface  is  to  be  cut  away  as  de- 
cribed,  the  raised  portions  should  be  so  located  that  the  article 


WORK 


JIG 


B 


Fig.  221. 

cannot  be  sprung  by  the  action  of  the  cutting  tools  or  from  any 
pressure  that  may  l>e  applied  by  any  fastening  device  ;  otherwise 
the  work  will  be  thrown  out  of  true  as  badly  us  though  chips  were 
lodged  between  the  work  and  the  seating. 

It  is  advisable,  whenever  possible,  to  divide  a  long,  locating 
bearing  into  several  short  surfaces,  thus  decreasing  the  chance  of 
holes  becoming  inaccurately  located.  When  making  jigs  for 
pieces  that  are  likely  to  have  burrs  at  any  given  point,  it  is  well  to 
cut  a  depression  in  the  seating  or  locating  surfaces  for  the  burr  to 
set  in,  thus  preventing  the  work  being  incorrectly  located. 

Seating  surfaces  should  be  made  smooth  so  that  chips  and 
dirt  may  not  stick  to  them,  but  they  should  not  be  polished  nor 
finished  as  this  would  necessitate  unnecessary  cost  and  might 
cause  the  surface  to  get  out  of  true. 

A  jig  must  be  handled  by  the  workman,  and  a  clumsy  jig  can- 
not be  handled  as  readily  Jis  one  designed  so  that  the  workman 
can  use  it  to  advantage. 
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Sharp  comers  should  be  avoided  wherever  possible,  and  all 
handles  or  similar  devices  should  fit  the  hand.  If  not,  the  amount 
of  work  done  will  not  be  the  maximum,  as  the  operator  cannot  do 
as  much  work  with  a  jig  which  tires  the  hand  and  wi-ist. 

As  already  stated  the  accuracy  with  which  a  jig  should  be 
constructed  depends  entirely  on  the  na'ure  of  the  work  to  be  done, 
yet  it  should  be  borne  in  mind  that  any  inaccuracy  must  of  nec- 
essity be  duplicated  in  the  work. 

BXAHPLBS  OP  JiaS. 

A  few  designs  of  jigs  will  now  be  considered  to  show  the  gen- 
eral requirements  and  the  methrds  jf  construction. 

The  slab  jig,  shown  in 


Fig.  222. 


Fig.  222,  is  the  simplest  form 
in  use  ;  it  consists  of  a  piece 
of  flat  stock  of  suitable  thick- 
ness and  of  the  same  general 
outline  of  the  piece  of  work 
to  Ije  drilled.  The  work  may 
]ye  clamped  to  the  jig  by 
nieans  of  U  clamps,  or  parallel 
jaw  clamps.  If  the  jig  is  made  of  machinery  steel  the  walls  of  the 
holes  may  be  case-liardened  by  heating  the  jig  red  hot  and  sprink- 
ling powdered  cyanide  of  potassium  around  the  hole,  reheating  in 
the  lire  and  plunging  in  water  ; 
it  should  be  worked  back  and 
forth  in  the  bath  so  that  the 
water  will  circulate  through  the 
holes.  Wliih?  this  form  of  jig 
answers  very  well  where  but  a 
few  piec("S  are  to  be  drilled,  it 
is  not  suitable  for  permanent 
equipment  on  account  of  the 
wear  of  t  h  c  holes.  To  over- 
come this,  the  holes  may  be  made  sufheiently  large  to  receive 
hardened  bushings  having  holes  tlie  size  of  the  drill  to  be  used. 
Fig.  22'3  shows  this  construction. 

When  holes  are  to  be  drilled  at  certain  distances  from  one  or 
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more  edges,  it  is  necessary  to  have  stops  against  which  the  work 
may  rest     These  stojxs  may  be  pins,  a  shoulder,  or  a  rib. 

If  the  outline  of  the  work  has  been  finished  by  any  proceas 
—  juj  milling,  punching  or  profiling  —  that  insures  uniform  lengths 
and  widths,  the  locating  j)oints  may  be  placed  on  all  sides  of  the 
piece  as  shown  Fig.  224,  in 
which  pins  are  used  as  stops  or 
locating  points.  It  is  necessary 
to  flatten  the  pins  on  the  sides 
that  come  in  contact  with  the 
work  to  prevent  wear. 

When  a  jig  is  to  be  used 
constmtly,  it  is  advisable  to  have 
a  shoulder  or  rib  for  the  work 
to  rest  against,  rather  than  pins,  ^^ff-  ^^^• 

as  the  former  will  not  wear  as  rapidly.     Fig.  225  shows  the  same 
form  of  jig  as  Fig.  224  except  that  ribs  are  substituted  for  pins. 

When  there  is  no  surety  that  the  dimensions  of  the  different 
pieces  are  exactly  alike  it  is  advisable  to  locate  the  pieces  in  the 
jig  from  ceitiiin  portions.     The  work  must  be  forced  against  tlie 

locating   points  by  means 
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of  a  screw,  cam  or  wedge. 
With  a  screw  the  work 
may  be  forced  to  position 
and  held  there  even  when 
the  dimensions  of  the  piece 
Fig.  225.  vary   ccmsiderably.     The 

cam  is  operated  much  mere  quickly  than  the  screw  and  holds  the 
work  firmly  when  the  size  of  the  pieces  vary  but  little.  For  certain 
purposes  the  wedge  is  an  admirable  holding  devii?e,  but  it  is  not 
generally  used.  Fig.  22()  shows  a  jig  in  which  the  work  is  located 
from  one  side  and  end ;  the  work  being  forced  against  the  stops 
by  means  of  a  screw. 

Fig.  227  represents  the  same  jig  having  a  cam  instead  of  a 
screw. 

When  making  any  of  these  styles  of  jigs,  the  holes  to  contain 
the  bushing  may  l)e  lo<*ated  by  several  nH4liods.  If  extremely 
accurate  work  is  not  necessary,  a  templet  n)ay  be  made,  or  a  model 
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piece  used  having  the  holes  properly  located ;  this  piece  may  be 
placed  in  the  jig  and  by  means  of  drills  the  holes  ai-e  transferred 

to  the  jig.  If  the  bushings  are 
to  be  used  the  holes  may  be  en. 
laiged  by  a  counterbore  having 
a  pilot  which  fits  the  drilled  hole 
and  a  body  of  the  desired  size 
of  the  bushing.  While  this 
method  is  cheap  and  good 
enough  for  certain  classes  of 
work,  it  is  not  advisable  to  use 
it  for  a  very  accurate  job. 

Another  inexpensiTe 
method  which  insures  fait  re- 
sults is  to  drill  the  holes  as  de- 
scribed above,  then  run  a  drill 
or   reamer  a  trifle    larger  than 
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Fig.  22S. 


the  holes  in  the  templet  through  the  holes  in  the  jig.     Now  place 
the  templet  in  position  and  by  means  of  a  counterbore  baring  a 
pilot  which  fits  the  hole  in  the  templet  counterbore  the  jig  to  the 
templet  as  shown  in  Fig.  228. 
Better  results  will  be  obtiiined  if 
the   ends    of    tlie    teeth  of    the 
counterlH)re     are    made    of    the 
sliape  shown  in  Fii(.  229,  espe- 
cially if  the  drilled  hole  should 
have  run  from  its  pi-oper  loeiir 
tion. 

A  third  method  is  u  s  e  d 
when  the  bushing  holes  must 
be  located  by  measurement,  or 
when  there  is  no  templet  or 
model  piece.  By  means  of  a  sur- 
face gaui^e  having  the  point  of 

the  needle  set  at  the  proi)er  height  from  a  scale  attached  to  an  angle 
iron,  iis  shown  in  Fig.  230,  scratch  a  dunension  line  on  the  surface 
whieh  has  been  colored  with  blue  ^itriol.  The  needle  is  first  set 
to  the  height  of  tlie  locating  ril).    The  scale  attached  to  tlie  angle 
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iron  is  adjusted  so  tRat  the  needle  is  at  the  exact  height  of  one 
of  the  inch  lines  if  possible,  if  not,  at  one  of  the  half  of  quarter 
inch  lines.  The  needle  may  then  be  raised  to  locate  the  center 
of  the  first  hole  and  a  line  scratched  while  the  jig  is  on  edge. 
The  centers  of  the  other  holes  may  now  be  laid  off  on  this  plane, 
after  which  the  jig  may  be  turned  one  quarter  way  around  to 


Fig.  228. 

locate  the  hole  from  the  other  measurements.  Where  the  lines 
intersect  prick  punch  the  surface  of  the  jig.  For  this  work  do  not 
use  the  center  punch  made  for  centering  work  to  be  turned  in  the 
lathe.  Use  the  prick  punch  which  should  be  nmch  lighter  than 
the  ordinaiy  center  punch ;  Fig.  231  shows  the  two  punches. 
The  point  of  the  prick  punch  should  be  ground  in  some  form  of 
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Fig.  22\). 

grinder  in  which  it  may  be  held  and  revolved  in  order  that  the 
point  may  be  perfectly  round.  If  this  is  not  d(me  it  will  be  im- 
possible Xa^  get  the  point  of  the  center  indicator  to  run  true  when 
attempting  to  true  the  jig  on  the  face  plate  of  the  lathe. 

While  the  above  method  might  be  })roperly  classed  liS  an 
approximate  measurement,  an  experienced  workman  can  loctite 
the  basi lings  within  a  small  limit  of  variation.     More  accurate 
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work  will  result  if  the  height  gauge  is  used  in  laying  off  the 
dimension  lines.  The  bottom  surface  of  the  extension  is  set  to 
the  height  of  the  locating  rib,  as  shown  in  Fig.  232 ;  then  by 
means  of  the  vernier  it  may  be  I'aised  to  the  exact  height  of  the 


Fijr.  230. 

dimension  desired,  and  the  line  scril)ed  by  means  of  the  point  of 
the  extension. 

While  this  method  insures  greater  accuracy  in  laying  oflf 
dimension  lines  and  is  sufficiently  accurate  for  most  work,  it  is 
open  to  the  objection  that  the  tool  maker  may  change  the  location 
of  centers  sonicwliat  wlicn  prick  punching. 

When  jtrerlse   measurements  are  desired  many  tool  makers 
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determine  the  location  t)f  l)iisliing  lioles  by  means  of  hardened 
discs  or  buttons.  A  very  common  size,  Fig.  233,  if  i  inch 
diameter,  ^^  i^^ch  thick  and  having  J  incli  hole.  While  it  is  not 
essential  tliat  the  dianu»t<*r  be  any  particular  size,  it  must  be  some 
fraction  divisible  by  two  without  a  remainder,  as  one  half  the  size 
of  the  disc  is  considered  in  all  computations.     If  the  disc  is  .600 


^^^ 


TOOL    MAKING. 


143 


inch  diameter,  .250  inch  is  the  decimal  to  be  considered  ;  but  if 
the  disc  were  -^^  (.5625)  inch  diameter  it  would  be  necessary  to 
consider  the  decimal  .28125  in  all  computations.  In  locating  the 
disc  most  of  the  measurements  are  made  with  the  vernier  caliper, 
and  as  the  tool -is  not  graduated  to  read  closer  than  .001  inch  it 
would  be  impassible  to  consider  the  fractions  of  a  thousandth  of 
an  inch  ;  consequently  discs  .500  inch  diameter  are  generally  used. 


Fig.  232. 

The  locations  of  the  different  holes  ar*)  laid  off  by  means  of  the 
surface  gauge,  setting  the  needle  to  the  scale  fiisUaied  to  an  angle 
iron  as  already  described.  The  holes  are  drilled  and  tiipped  for 
a  screw  somewhat  smaller  than  the  hole  in  the  discs.  The  discs 
are  now  attaclied  to  the  jig  by  means  of  screws.  As  the  screws 
do  not  fill  the  lioles  in  tlie  discs,  they  may  be  moved  until  properly 
located.  Fig.  234  siiows  a  jig  having  the  discs  located  in  relation 
to  the  stops. 

After  properly  loc^ating  a  disc  at  eacth  })oint  where  a  bushing 
is  desired,  the  jig  may  be  fast(»ned  to  the  face  plate  of  the  lathe. 
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The  jig  must  be  so  located  on  the  fare  plate  that  one  of  the  discs 
will  run  perfectly  true.  This  may  be  determined  by  a  test  indi- 
cator operating  on  the  outside  of  a  button,  as  shown  in  Fig.  235. 
After  locating  so  that  the  disc  runs  exactly  true,  the  disc  may  be 
removed  and  the  hole  bored  to  tlie  required  size.     The  jig  may 

now  be  moved  to  bring  another  disc  to 
the  proper  location,  after  wliich  it  may 
be  removed  and  the  hole  bored ;  this 
operation  may  be  repeated  until  all  the 
bushing  holes  are  bored. 

When  jigs  are  made  for  permanent 
equipment,  or  if  they  are  to  be  used 
constantly,  it  is  well  to  provide  some  means  of  raising  them 
from  the  drill  press  table  to  avoid  inaccurate  work  occasioned  by 
chips.  -When  the  jig  is  made  of  cast  iron,  the  legs  are  some- 
times ctist  solid  with  the  jig  as  shown  in  Fig.  236.     In  order  to 
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Fig.  233. 


grasp  a  jig  handle  in  a  manner  that  will  not  be  tiresouje  to  the 


Fig.  234. 

wrist  or  liand,  and  allow  suHiciont  room  between  the  handle  and 
tlie  table  of  the  drill  j)iess  so  that  tlie  lingers  may  not  be  cut  by 
chips,  the  legs  are  made  of  a  length  that  will  raise  the  handle 
about  IJ  inches  above  the  table.  As  cast-iron  legs  of  this  length 
would  be  too  weak,  it  is  customary  to  make  the  legs  of  tool  steel 
hardening  the  ends  tliat  come  iii  contact  with  the  drill  press  table. 
While  the  form  of  jig  shown  in  Fig.  222  would  give  satisfac- 
tion on  certain  classes  of  work,  the  process  of  putting  the  work  in, 
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and  taking  it  ont  of  the  jig  would  be  very  alow,  as  it  would  be 
necessary  to  clamp  the  work  securely  to  resist  the  pressure  of  the 
cutting  tools. 

In   order  that  work  may  be  handled  rapidly  during  these 
operations,  jtge  are  designed  so  that  the  work  will  rest  on  the  hose 


of  the  jig  as  shown  in  Fig.  237.  A  leaf  or  cover  containing  the 
bushings  can  be  faised  when  putting  the  work  in  place  and  taking 
it  out. 

When  the  pieces  to  be  drilled  are  of  a  uniform  thickness  the 
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leaf  may  be  made  to  rest  on  the  piece.  But  should  the  pieces 
vary  in  thickness  the  leaf  would  not  be  parallel  to  the  base;  con- 
sequently the  hole  in  the  bushing  would  not  be  at  right  angles  to 
the  piece  to  be  drilled.  For  this  reason  a  little  space  is  left 
between  the  top  of  the  piece  to  be  drilled  and  the  bottom  of  the 
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leaf,  as  shown  in  Fig.  238 ;  a  steady  pin  having  a  shoulder  is 
located  at  the  handle  end  of  the  jig.  The  upper  end  of  pin  may 
project  into  a  hole  in  the  leaf  as  shown  thus  relieving  any  strain 
on  the  joint  of  the  jig  occasioned  by  the  acticn  of  the  cutting 
tools. 

When  holes  are  to  be  drilled  from  opposite  sides  of  a  piece 
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Fig.  237. 

of  work,  as  shown  in  Fig.  239,  a  jig  may  be  constructed  having 
legs  on  l)otli  upper  and  lower  sides,  but  both  sets  of  legs  should 
be  solid  with  the  base  as  shown  in  Fig.  240. 

If  the  two  end  holes  in  Fig.  239  are  of  the  same  size  and  it 
is  necessary  to  use  a  drill  press  having  but  two  spindles,  the  legs 
on  each  side  should  be  of  a  length  that  would  make  it  possible  to 
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set  the  stops  so  that  tlie  drill  would  cut  the  required  depth  on 
each  side.  If  a  drill  i)ress  having  three  or  ivioie  s[)indles  is  to  be 
used,  the  jig  lugs  may  be  of  a  c(mvenient  length,  as  two  drills 
of  the  same  diameter  can  be  used  in  two  different  spindles,  each 
one  to  drill  tlie  required  depth  when  tlie  stop  is  set. 

Drill  jig  legs  are  generally  made  of  tool  steel  and  are  screwed 
into  the  base  of  the  jig :  the  thread  on  the  legs  should  be  a  good 


aikft 


TOOL    MAKING. 


147 


o 


O 


o 


St  in  the  base.     After  screwing  in  place  the  ends  of  the  legs 

ihould  be  machined  to  length  by  milling  or  planing ;  the  legs  may 

then  be  removed  and  the  ends  that  come  in  contact  with  the  drill 

press   table    hardened.     The    legs 

may  now  be  polished    (if  that  is 

allowable)    and    then   screwed    in 

place.     The  ends   should  now  be 

ground  to  such  a  length  that  the 

surface  where  the  work  is  seated 

will  be  of  the  correct  height  above 

the  drill  press  tiible. 

Grinding  the   ends    of  the 
legs  can  best  be  done  in  a  surface 

grinder,  or  some  form  of  universal  grinder  designed  for  surface 
grinding.     After  grinding,  the  ends  of  the  legs  may  be  lapped  to 
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'emove  any  irregularity  that  may  result  from  grinding.  A  very 
food  lap  may  be  made  from  a  flat  plate  or  block  of  cast  iron.  The 
urface  to  be  used  may  be  planed  flat  and  smooth,  then  a  series  of 
px)ove8  cut  to  form  squares,  as  shown  in  Fig.  241.  These  grooves 
nay  be  cut  with  a  V-shaped  tool  and  should  be^  inch  to  ^^  inch 


to  ^j  inch  deep.     The  grooves  catch  the  emerj'  and  feed  it  to  tlie 
work  being  ln{>[>eil.     If  tbe  pressure  is  not  eqiuil  one  It^  may  he 


cut  shorter  than  the  other,  or  may  be 
the  jig  to  rock- 


out  of  true,  causing 
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Fastenini;  Devices.  Various  devices  are  used  to  fasten  the 
leaf  of  a  jig  to  hold  the  work  in  place  or  to  clamp  the  leaf  in  po- 
sition. The  forms  used  depend  upon  the  class  of  work  being 
operated  on. 

If  the  leaf  must  be  fastened  solidly  and  the  amount  of  time 
consumed  is  not  of  great  importance,  some  form  of  screw  clamp 
may  be  iLsed.  If,  however,  the  work  must  be  handled  rapidly, 
the  clamping  device  is  generally  operated  by  some  form  of  a  cam. 
However,  a  screw  clamp  may  be  desigr^ed  to  work  quite  rapidly. 


Fig.  242. 

Fig.  242  shows  a  screw  clamp  which  consists  of  a  screw  which  has 
a  hole  drilled  through  it  to  receive  a  })in  which  is  used  as  a  lever 
to  operate  the  screw.  The  screw  is  necked  ^^^  inch  deep,  the  neck- 
ing being  |  inch  wide;  a  flat  washer  is  attached  to  the  leaf  of  the 
jig  by  a  small  screw  as  shown.  A  slot  of  the  width  of  the  screw 
is  cut  in  this  washer  in  order  to  allow  it  to  slide  back  and  forth. 
In  the  end  of  the  washer  is  a  slot  the  width  of  the  bottom  of  the 
necking  in  the  screw.  The  oth(»r  end  of  the  washer  is  turned  up 
ixs  shown,  in  order  to  furnish  a  means  of  'i)U8hing  back  and  forth. 
When  the  jig  leaf  is  closed,  the  washer  is  pushed  forward  and  the 
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ends  engage  in  the  slot  in  the  screw.  One  tarn  of  the  screw  binds 
it  very  tightly.  When  the  screw  is  given  one  turn  to  loosen  it, 
the  washer  may  be  poshed  back  and  the  jig  leaf  raised. 

If  a  quicker  form  of  clamping  is  desired  a  cam  may  be  used. 
The  form  represented  in  Fig.  240  is  rapid  and  powerfuL 

Were  it  not  necessary  to  use  much  power,  but  extreme 
rapidity  of     action     is  desired,  a  hinged  cam  lever  of  the  design 
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Fig.  243. 

shown  in  Fig.  243  may  be  used.  The  cam  lever  is  pivoted  to  the 
base  of  jig  by  means  of  a  pin  as  shown.  The  lever  passes  into  a 
slot  in  the  leaf  and  the  bearing  surfaces  on  the  under  part  of  the 
head  come  in  contact  with  the  inclined  surfaces  at  the  end  of 
the  leaf. 

Bushings.     Bushings  of  hardened  tool  steel  are  made  for  a 


Fip.  244. 


Fig.  245. 


permanent  means  of  guiding  the  cutting  tools.  The  hole  in  the 
bushing  is  made  to  fit  the  cutting  tool  that  is  to  be  guided.  There 
are  various  forms  of  bushings ;  the  plain  straiglit  form  shown  in 
Fig.  244  is  sometimes  used,  but  is  objectionable  because  it  may  be 
pushed  into  the  jig  if  the  cutting  tool  is  too  large  to  j>ass  through 
the  hole. 

To  overcome  this  tendency  they  ai*e  sometimes  made  tapering 
on  the  outside  as  shown  in  Fig.  245,  but  as  this  is  an  expensive  fonn 
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to  make,  and  as  it  is  an  extremely  difficult  operation  to  bore  the 
bushing  hole  in  the  jig,  this  form  is  not  generally  used  for  per- 
manent bushings. 

The  most  common  form  of  bushing  is  straight  with  an  en- 
larged portion  or  head.  When  no  allowance  is  made  for  grinding 
on  the  outside  it  is  commonly  made  of  the  form  shown  in  Fig. 
246.  If  the  shoulder  under  the  head  is  square,  it  is  likely  to 
crack  at  the  sharp  corner,  or  the  head  may  be  broken  off  when 
being  forced  in  position.  In  order  to  avoid  these  difficulties  a 
fillet  is  left  under  the  head  as  shown  in  Fig.  247. 

When  it  is  essential  that  the  location  of  the  drilled  hole  or 
portion  of  the  piece  l)eing  machined  in  the  jig  be  exact  as  to  loca- 
tion, the  tool  must  fit  well  in  the  bushing  ;  and  as  the  size  and 
shape  of  the  bushing  is  likely  to  change  when  hardening,  it  is 


Fig.  246. 


Fig.  247. 


Fig.  248. 


advisable  to  leave  enough  stock  to  grind  to  size  both  inside  and 
out.  It  is  essential  that  the  outside  of  the  bushing  be  exactly 
concentric  with  the  inside.  After  grinding  and  lapping  the  hole 
to  size,  the  bushing  may  be  placed  on  a  mandrel  Avhich  runs  true 
and  tlie  outside  ground  to  size.  When  machining  a  bushing  which 
is  to  l)e  ground  on  the  outside  it  is  necessary  to  neck  in,  under  the 
head,  as  shown  in  Fig.  248,  in  order  that  the  emery  wheel  may 
pass  entirely  over  the  i)art  being  ground  and  insure  a  straight  sur- 
face. The  underside  of  tlie  head  which  rests  on  the  upper  surface 
of  the  jig  should  be  ground  in  order  that  it  may  be  true  with  the 
surface  of  the  jig. 

When  grinding  a  bushing,  a  mandrel  should  be  used  which 
has  Ijeen  tested  for  truth.  The  mandrel  should  be  straight  or  of 
verj'  slight  taper.  If  the  taper  is  considerable,  one  end  of  the  hole 
in  the  bushing,  will  not  fit  Jind  the  outside  of  the  bushing  will  not 
be  concentric  with  the  hole.     Consequently  no  matter  how  care- 
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fal  the  tool  maker  might  he  \a  Iftjing  ont  bis  work  and  in  boriog 
the  holes  for  the  baahings  the  jig  will  not  be  accnrate. 

Size  of  Bushings.  The  oateide  diameter  of  a  bashing  is  often 
determined  by  the  design  of  the  jig ;  for  instance,  two  holes  sra 
often  located  so  near  each  other  that  it  is  impossible  to  make  the 
bushings  mncb  larger  than  the  holes  through  them.  Wherever 
possible  the  ontside  diameter  should  be  made  enongh  larger  thu 
the  hole  to  leave  a  reasonably  thick  wall.  A  bnehing  with  thin 
walls  is  likely  to  close  in  when  being  pressed  to  its  seating ;  tben 
again,  if  a  cutting  tool  binds  in  a  bushing  with  thin  walls,  the 
hashing  becomes  loose  and  turns  in  the  jig. 


fig.  249. 


Fig.  260. 


Removable  Bushings.     It  is  sometimes  advisable  to  do  t^° 

or  more  ojK'ratitmB  in  tho  same  jig.  AftiT  drilling  a  holti  it  m*i 
be  coiisidori'd  good  praeticu  to  c-ounterliore  or  tap  it,  or  jjossibly  ' 
may  bo  better  to  do  tlie  three  operations  while  the  work  is  seat^ 
in  tlio  jig.  In  such  casfs  the  bushing  having  a  hoi©  the  Bize  t^ 
the  drill  must  be  reinovi-d  and  one  with  a  hole  fitting  the  tool  t^ 
be  used  inserted. 

A  very  simple  way  of  making  a  removable  hashing  consist^ 
in  boring  the  liolo  in  the  jig  large  enough  to  receive  a  hardeuec> 
bushing  with  a  hole  tho  size  of  the  outside  of  the  bushing  to  !)€?■ 
used.  If  the  hole  in  tho  large  stationary  bushing  and  the  outsidt^ 
surface  of  tho  removable  bushing  are  lapped  smooth  after  grind- 
ing, they  may  bo  used  for  :i  long  period  before  wearing  enough  to 
appreciably  atfeet  the  location. 

Tapered  removable  bushings  are  sometiniea  used  ;  but  on 
account  of  the  expense  of  protiucing  them  and  the  fact  that  chips 
and  dirt  readily  throw  thcni  out  of  their  true  locations,  they  art 
not  very  c( 
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Fig.  249  shows  a  form  of  removable  bushing  threaded  on  the 
outside  to  fit  a  threaded  hole  in  the  jig.  If  the  thread  on  the 
outside  of  the  bushing  runs  the  entire  length  the  process  of  screw- 
ing it  in  and  out  of  the  jig  is  necessarily  very  slow ;  consequently 
it  is  advisable  to  have  but  few  threads.  The  balance  of  the 
length  may  be  made  to  fit  a  beaiing  in  the  jig.  If  it  is  advisable 
to  thread  the  entire  length  as  shown  in  Fig.  250,  the  hole  should 
be  ground  true  with  the  thread  to  prevent  change  of  shape  in 
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Fig.  261. 


hardening.  As  it  is  not  well  to  attempt  to  grind  between  the 
lands  of  the  thread  with  the  facilities  in  the  ordinary  machine 
shop,  it  is  necessary  to  grind  the  hole  true  with  the  thread.  This 
can  be  done  satisfactorily  by  placing  a  piece  of  stock  in  a  chuck 
on  a  lathe  having  a  grinding  attachir.ent. 

After  drilling  and  boring  the  hole  to  tapping  size,  the  thread 
may  be  chased  so  that  the  bushing  is  a  good  fit  in  the  hole.  It 
may  then  be  screwed  In  and  the  hole  ground  to  size. 

If  the  piece  of  work  is  of  a  shape  that  makes  it  necessary  to 
operate  on  all  sides  and  the  outline  prevents  the  use  of  a  chunp 
jig  of  the  forms  shown,  a  tax  jig  must  be  used. 
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A  Box  Jig  is  iniule  in  the  form  of  a  1k)x;  the  work  is  located 
in  tlie  jig  by  means  of  stojw  or  locating  points  which  differ  ao- 
coi-ding  to  the  nature  of  the  work.  It  is  often  advisable  to  design 
this  form  of  jig  so  that  all  the  holes  in  the  work  may  be  drilled  at 
one  setting ;  that  Is,  if  there  are  twenty  holes  in  the  piece,  the  jig 
is  designed  to  allow  drilling  all  the  holes  while  the  piece  is  in  the 
jig.     For  other  work  it  is-  advisable  to  make  two  or  more  jigs  to 
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drill  llic  liolcs;  this  is  ili(»  cast^  wIkmi  soni(*  part  of  tht?  piece  is  to 
be  inacliincd  after  one  or  more  lioh\s  are  drilh'd  but  befoiHi  drill- 
ing the  otheis. 

In  Vhj;.  251  a  ]>iece  of  work  is  shown  (three  eigliths size); 
throutrli  the  piece  it  was  necessary  to  drill  three  1-ineh  holes  a> 
sliown  at  A,  A  and  B.  As  it  was  necessary  to  have  the  holes 
A  A  an  rj-(frf  dislaniM'  from  I>  it  was  found  l»y  experience  tliat 
nuu'h  better  results  could  l»c  obtaine(l   if  the   hole   marketl   H   wa>. 
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drilled  and  reamed  in  a  jig,  the  piece  taken  out  of  the  jig  and  tlie 
portions  marked  C  and  C  milled  in  exact  relation  to  the  hole  B 
and  as  nearly  at  riglit  angles  with  the  side  of  casting  marked  D 
as  possible.  After  milling  the  poitions  C  C,  as  described,  the 
piece  was  placed  in  another  jig  locating  it  by  the  hole  B  and  the 
surfaces  C  C ;  the  holes  A  A  were  then  drilled  and  reamed.  In 
Older  to  drill  the  liole  B  the  jig  shown  in  Fig.  252  was  used. 
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Fig.  2r>3. 

The  piece  was  placed  in  the  jig  with  the  rounded  surface  E  rest- 
ing in  two  V  blocks  as  shown  at  A.  It  was  located  by  means  of 
the  fixed  stop  sciew  B  and  forced  against  A  by  the  screw ;  it  was 
held  in  position  by  the  screw  E  which  was  located  in  the  strap  D. 
This  strap  was  removed  when  putting  a  piece  of  work  in  the  jig, 
or  taking  it  out.  As  it  was  necessary  to  have  the  hole  straight 
and  true  with  the  locating  points,  it  was  reamed  with  a  single  lip 
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FlfT.  254. 

reamer  having  a  pilot  as  shown  in  Fig.  253.  The  hole  wns 
drilled  somewhat  smaller  than  finish  size  (-^^  inch)  ;  the  reamer 
was  entered  in  the  hole,  the  pilot  fitting  the  bushing  G.  While 
the  l>ody  of  the  reamer  fits  the  bushing  F,  as  previously  ex- 
plained, the  single  lip  reamer  acts  on  the  same  principles  as  a 
boring  tool  used  in  the  engine  lathe;  the  result  being  a  hole 
straight  and  true.  As  it  is  necessary  to  have  the  hole  in  the 
upper  bushing  of  the  size  of  the  body  of  the  reamer,  and  as  a  drill 
^  inch  smaller  than  this  size  must  be  used  in  drilling  the  hole,  it 
was  advisable,  in  order  to  properly  stait  the  drill,  to  use  a  trans- 
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fer  drill  shown  in  Fig.  254,  the  cutting  portion  A  of  drill  being 
the  size  of  the  drill  to  be  used  in  drilling  the  hole,  while  B  fits 
the  hole  in  the  bushing.  By  means  of  this  drill  a  hole  the  size  of 
the  drill  to  be  used  was  started  in  the  casting  perfectly  true  with 
the  hole  in  the  bushing  yet  somewhat  smaller.  When  the  hole 
had  been  drilled  to  a  depth  of  ^^  or  J  inch,  the  transfer  drill  wss 
removed  and  a  twist  drill  of  the  proper  size  used  to  finish  the 
drilling.  When  the  piece  of  work  was  taken  from  the  jig  the 
portions  marked  C  C,  Fig.  251,  were  milled  as  explained.  The 
piece  was  tlien  jd.iced  in  another  jig,  a  pin  which  fits  the  reamed 
hole  passed  through  the  locating  bushings  and  through  the  hole; 
by  this  means  it  was  located  to  properly  drill  the  other  two  holes. 
The  second  jig  so  closely  resembles  the  fii-st  it  is  unnecessary  to 
illustrate  it. 

PUNCH  AND  DIE  WORK. 

THE  DIE. 

A  die  used  for  punching  a  blank  from  a  sheet  of  metal  is 
termed  a  blanking  die,  and  is  generally  considered  as  belonging 
to  one  of  three  classes :  plain  (or  simple)  die,  gang  die  or  com- 
pound die. 

A  set  of  ])lanking  dies  consists  of  a  male  die  or  pu/ich  and  a 
female  die  or  die  block.  The  die  block  is  that  part  of  the  die 
which  has  a  li(»l(^  of  the  same  outline  as  tlie  desired  blank;  the 
male  die,  or  [)uucli,  is  of  a  shape  that  fits  the  impression,  or  hole, 
of  the  die  block. 

When  puiicliing  work  on  a  punching  press,  the  stock  is 
placed  on  the  die  and  tlie  i>unch  forced  through  it  into  the  die; 
this  drives  a  piece  of  stock  of  the  same  outline  as  the  hole  down 
into  the  die  block.  Now  as  the  punch  is  forced  through,  the 
metal  in  the  sheet  closes  on  the  punch  and  is  raised  by  it.  In 
order  to  prevent  this  tlie  die  block  is  provided  wuth  a  stripper 
plate  (or  stripper).  The  stripper  is  fastened  to  the  die  or  to  a 
shoe  holding  the  die  at  a.  height  that  allows  the  metal  to  be 
punched  to  pass  freely  })etween  it  and  the  die.  The  stripper 
must  be  strong  enough  to  force  the  stock  from  the  punch  without 
springing,  especially  if  the  punch  is  slender  and  the  stock  thick, 
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because  under  these  conditions  the  punch  would  be  sprung  or 
broken. 

In  order  to  guide  the  stock  over  the  die  and  leave  the  proper 
amount  of  margin  or  scrap  at  the  edge  of  the  sheet,  a  guide  is  fur- 
nished. The  guide  is  usually  made  of  stock  sufficiently  thick  to 
bring  the  stripper  tlie  proper  height  above  the  face  of  the  die. 

A  gauge  pin  (or  stop)  is  usually  provided ;  this  pin  is  located 
so  that  the  proper  amount  of  scrap  is  left. 

In  Fig.  255,  A  is  the  die  block,  B  the  hole  through  the  die 
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Fig.  265. 


block  of  the  shape  of  the  piece  to  be  punched,  C  the  stripper,  I) 
the  guide  and  E  the  gauge  pin  or  stop. 

Dies  are  held  in  position  on  the  punching  press  bed  by  vari- 
ous methods,  the  most  common  of  which  is  by  means  of  the  forms 
of  hold-fast  shown  in  Figs.  256  and  257.  These  die  holders  are 
known  by  various  names,  such  as  chair,  bolster,  chuck  and  die 
holder.     Large  dies  are  clamped  to  the  bed  of  the  press. 

Dies  are  usually  beveled  on  the  edges  that  come  in  contact 
with  the  die  holder  to  prevent  their  rising  from  the  seat.  The 
angle  given  to  the  edges  varies  according  to  the  ideas  of  the 
designer.  An  ai^le  of  10°  from  the  vertical  gives  satisfaction, 
although  some  mechanics  insist  on  an  angle  of  15°  or  even  20°. 

Fig.  258  shows  a  die,  whose  edges  are  at  an  angle  of  10°,  in 
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a  (lie  holder;  the  die  l)eing  held  in  place  by  set  screws.  It  is 
generally  considered  advisable  to  place  a  gib  between  the  set 
screws  and  die  as  shown.  Sometimes  the  gib  is  omitted,  the  set 
screws  bearing  directly  on  the  edge  of  the  die.  Some  tool  makers 
prefer  a  die  holder  without  set  screws,  the  die  being  l^eld  in  place 
by  the  gib  which  is  made  wedge-shaped  and  is  driven  to  place, 
thus  securely  holding  the  die. 
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Fig.  267. 
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Fig.  268. 


Fig.  259  shows  a  method  of  holding  dies  which  allows  the 
die  to  be  easily  set  in  position  when  rigging  up.  The  die  may 
be  placed  on  the  seating  of  the  die  holder  and  brought  to  the 
proper  location  ;  the  set  screws  may  then  be  brought  against  the 
edge  of  the  die,  or  against  strips  of  steel  which  may  be  placed 
between  the  edges  of  the  die  and  the  set  screws. 

When  making  several  dies 
of  equal  width  and  thickness  a 
good  method  is  to  plane  the  two 
sides  of  a  bar  to  remove  the  outer 
surface,  tlien  bevel  the  edges  to 
the  required  an<jjle.  Pieces  nmy  then  be  cut  off  to  any  required 
length  as  ^vanted. 

The  upper  surface  of  the  die  may  be  finished  smooth  by 
planing  with  a  smoothing  tool  ;  it  may  be  ground  in  a  surface 
grinder,  or  it  may  he  finished  with  a  file.  It  is  necessary  to  have 
the  surface  smooth  in  order  to  lay  out  the  correct  shape  of  hole, 
as  it  cannot  be  laid  out  correctly  or  distinctly  on  a  roughly 
machined  surface. 

The  face,  or  upper  surface  of  the  die  is  now  covered  with 
blue  vitriol  solution  and  the  outline  of  the  piece  to  be  punched 
laid  out.     A  die  should  be  laid  out  in  such  a  manner  that  the 
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stock  to  be  punched  may  be  readily  fed  to  the  die.  The  grain  of 
the  stock  should  run  in  the  proper  direction  if  the  product  is  to 
be  a  tempered  spring  or  any  article  wherje  the  grain  of  the  stock 
must  be  considered. 

After  the  die  has  been  carefully  laid  out  from  a  templet,  or 
drawing,  all  round  comers  should  be  drilled  with  a  drill  of  tlie 
proper  size,  and  reamed  from  the  back  side  of  the  die  with  a  taper 


Fig.  259. 


Fig.  260. 


reamer  to  give  the  desired  clearance ;  the  balance  of  the  stock  is 
removed  by  drilling,  as  shown  in  Fig.  260.  The  method  of  re- 
moving the  center,  or  core,  depends  on  the  custom  practiced  by  the 
individual  die  maker ;  one  may  drill  the  holes  so  that  they  break 
into  one  another.  When  this  metliod  is  adopted  it  is  advisable 
to  use  a  straightway  (straight  fluted)   drill.     Another  will  drill 
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Fig.  261. 

small  holes  and  use  a  counterbore  to  enlarge  to  size ;  the  counter- 
bored  holes  breaking  into  each  other. 

Usually  the  holes  are  drilled  with  at  lea^^t  ^  inch  to  -^^  inch 
between  them,  and  then  the  intervening  stock  is  cut  out  with  a 
flat-ended  "hand  broach."  Fig.  261  shows  a  tool  of  this  descrip- 
tion. 

Generally  speaking,  the  Isust  mentioned  method  is  the  safest 
and  quickest.  After  removing  the  center,  the  die  may  be  placed 
in  a  die  milling  machine  or  a  die  sinking  machine,  and  by  using 
a  milling  cutter  of  the  proper  taper,  the  desired  angle  of  clearance 
may  be  given;  the  amount  of  clearance  varies  with  the  nature  of 
the  work  to  be  done. 


367 


•I 


TOOL    MAKING. 


Wlien  a  die  is  iiiillerl  on  a  die  iiiilliiig  macliiiie  of  llie  foiin 
bIiowii  in  Fig.  202,  tlie  cutter  spindle  is  iimlei-neath  tlie  die,  tlm 
face  of  which  is  uppennnst,  consequently  tlie  milling  cutter  ciin 
l)e  niiwle  lai^est  at  the  shank  end  of  cutting  part,  the  rciinitid 
taper  K-ing  given  as  shown  in  Fig.  2i)3,  If  the  outline  of  the 
hole  is  milled  on  a  die  sinking  nukohine,  it  is  necessary  to  ti.>-e  a 
cutter  uf  the  shape  shown  in 
Fig.  264  in  order  that  the  fate 
of  the  die  having  the  lines  will 
be  uppermost.  After  work- 
ing the  impression  as  near  to 
sliajw  as  possible  hy  milling, 
it  can  he  finished  by  filing. 
Ill  Older  t<i  give  the  die  the 
piDper  clearance  the  walls 
may  be  gauged  with  a  l>evel 
gauge  of  the  fonn  shown  in 
Fig.  8.  As  the  amount  of 
clearance  tliffeni  in  various 
shops,  and  on  different  classes 
of  work,  no  stated  amount 
can  be  given  for  all  cases; 
the  amount  varies  from  |°  to 
3°.  The  latter  is  excessive 
and  is  seldom  given  unless  it 
is  neccs.sary  that  the  piece 
punched  drop  fi»m  the  die 
each  time. 

If  the  die  is  milled  as 
described  above  it  will  be  necessary  to  work  all  cornei-s  to  shape 
with  a  file.  If  a  universal  milling  nuichine  having  a  slotting 
attachment  is  UMcd,  the  corners  can  l>e  properly  shaped  and  tlie 
necessary  clearance  given  by  using  suitably  shpaed  cutting  tools, 
and  turning  the  fixture  to  the  pi-o]ier  angle. 

Fig.  2Ho  shows  a  sh>ttiug  fixture  attached  to  a  univcraal  mil- 
ling machine,  while  Fig.  2110  shows  a  lixtnre  known  as  a  die 
bhnper  which  is  also  attached  to  a  milling  machine. 

Die  blocks  have  their  cutting  edges  beveled  in  order  Uutt  the 
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blank  may  be  cut  from  the  stock  by  a  shearing  cut.  Shear  is 
given  tlie  fai;e  of  the  die  to  reduce  tlie  power  necessary  to  cut  the 
Mank  from  the  stock  ;  thus  enabling  a  press  to  punch  a  blank  from 
thicker  stock.     It  also  reduces  the  strain  on  the  puncli  and  die. 

The  face  of  tlie  die  is  sheared  wlien  the  blank,  or  piece  forced 
through,  is  tlie  product  to  be  saved.  But  if  the  piece  surrounding 
the  blank  is  to  be  saved,  and  the  blank  is  of  no  use,  the  face  of 
the  die  is  left  perfectly  flat  and  the  end  of  the  punch  is  sheared. 
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Fig.  203. 

The  cutting  face  of  the  die  may  be  sheared  by  milling  or  plan- 
ing to  the  desired  angle  which  depends  on  the  thickness  of  the 
stock  to  l)e  punched  and  also  the  power  of  the  press.  A  common 
method  of  shearing  a  die  is  shown  in  Fig.  267,  which  shows  a  sec- 
tion of  a  die  used  for  punching  a  heavy  spring.  The  end  of  the 
punch  is  left  flat.  The  punching  commencing  at  the  center  A,  is 
continued  with  a  gradual  shearing  cut  as  the  punch  descends  until 
it  reaches  the  ends  BB,  of  the  opening.  The  blank  punched  will 
be  straight  while  the  stock  will  bend  somewhat  unless  it  is  quite 
stiff,  in  which  case  it  springs  back  to  shape  when  the  pressure  is 
removed. 


Fig.  264. 

When  the  punching  requires  an  amount  of  power  in  excess  of 
the  capacity  of  the  press,  as  in  the  case  of  the  forging  shown  in 
Fig.  268,  it  is  necessary  to  trim  the  flash  occasioned  by  the  proc- 
ess of  drop  forging,  and  at  the  same  time  punch  tlie  end  to  shape 
as  shown  in  Fig.  269.  It  is  obvious  that  the  material  removed 
is  of  no  value  as  a  product,  and  Jis  it  is  necessary  to  use  a 
light  press,  the  die  may  be  given  a  shear  as  shown  in  Fig.  270 ; 
thus  making  it  possible  to  do  the  punching  on  a  press  whose 
capacity  is  not  equal  to  the  job  if  the  die  had  been  sheared  as 
shown  in  Fig.  267. 
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In  order  to  facilitHte  tbe  operation  of  grinding  the  fiice  of  a 
die,  it  is  frequently  made  with  a  raised  boss  around  the  hole  as 
shown  in  Fig.  271. 

Sectional  Dies.  In  order  to  make  it  easier  to  work  dies  to  shape, 
they  are  sometimes  made  in  two  or  more  pieces;  tliese  are  fast«?neii 
tf^ether  when  in  use.  In  the  case  of  a  plain  die  of  tlie  form  shown 
in  Fig.  272,  the  die  is  made  ill  two  pieces  which  are  held  in  their  rela- 
tive positions  by  the  dowel  pin  at  each  end  as  shown  at  A  and  B. 
Wlien  in  tlie  die  liolder 
they  are  lield  together 
in  snch  a  manner  that 
they  Ciiniiot  spread. 
Dies  iif  this  form  should 
have  tlio  snrfuc(>8  that 
go  togetlier  finished 
true  ;  the  pieces  sliouhl 
tlie  1 1  be  olam[>e(I  together 
and  the  dowel-pin  holes 
drilled  and  reamed. 
They  should  then  be 
tiiken  apart  and  any 
biiiTs  Ciiused  by  drilling 
iiiul  i-eaniiiig  removed. 
'riif  pins  sJiould  now  bu 
inserted  and  the  top  and 
Ixittom  uf  the  <he  planed. 
The  outlines  of  the  piece 
KUt  and  the  round  hole  at  one 
I  1)0  reamed  fixnn  the  back  with  a 
'J'he  tlie  may  now  Ik-  taken  apart, 
.simper:  the  sections  of 
the  die  Ijeing  held  at  the  proper  auj,'le  to  give  tlie  desired  amount 
of  clearance.  After  placing  the  two  pieces  tncrt'ther  the  opening 
may  be  finished  with  a  file  and  semper  tii  the  templet. 

To  hold  the  die  together  securely  it  is  necessary  to  u.se  a  die 
holder  of  the  form  shown  in  Fig.  27;i.  '3'he  die  is  i-epresented  in 
place  iJi  the  holder  which  is  iield  in  the  bolster  which  is  in  tnm 
attached  to  the  bed  of  the  press.     When  the  die  is  finished  to  llie 


to  be  punched  may  now  be  lai 
end  drilled  ;  aftei' which  it  sliou 
taper  reamer  to  give  clearance, 
and  the  opening  cut  out  on  tlie  planei 
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templet  and  the  proper  cleiirance  given,  make  sure  thiit  the  walls  of 
the  opening  are  straight  (not  crowning),  nltliough  it  is  not  always 
considered  advisable  to  carry  the  clearance  to  the  edge,  as  the  size 
of  the  opening  would  then 
increase  every  time  the  die 
was  t^harpeiied.  In  such 
cases  tlie  clearance  extends 
f.-om  the  bottom  to  within 
a  short  distance  (about  | 
inch)  of  the  cutting  surface 
RB  shown  in  the  sectional 
view.  Fig.  274.  In  this 
figure  the  cleaninee  is  ex- 
aggerated in  order  to  illus- 
trate the  idea. 

The  walls  of  the  upper 
part  of  the  opening  are  at 
right  angles  to  the  base  of 
the  die,  but  they  must  be 
straight,  that  is,  not  crown- 
ing; because  if  the  opening 
IB  wide  enough  to  allow  the 
punch  to  pass  through  the 
crowned  part,  the  stock,  if 
thin,  would  be  likely  to  leave  the  blank  with  ragged  edges  which 
would  extend  up  on  the  sides  of  the  punch  and  have  a  tendency 
to  burst  the  die. 

Before  hardening,  the  strijiper  aud  guide-screw  holes  should 
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Fig.  387. 

be  drilled  and  tapped  and  the  hole  drillefl  for  the  gauge  pin,  or 
stop.  If  the  name  of  the  part  to  Ite  punched,  or  the  shelf  number 
of  the  die  are  to  bo  stamped  it  may  he  done  now.  After  all  screw 
lioles,  stop-pin  boles,  etc.  are  filled  with  fire  clay  mixed  with  water 
to  the  consistency  of  dougb,  the  die  is  ready  for  hardening.     Ex- 
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tretne  care  should  be  exercised  when  heating  a  die  for  hardening: 
it  should  1>e  no  hotter  than  is  necessar}'  to  accomplish  the  desired 
result,  and  the  heat  sliould  be  uniform  throughout;  the  coruen 
must  be  no  hotter  than  the  middle  of  the  piece  and  the  outside 
surface  must  be  of  tiie  same  temperature  as  the  iuterior  of  the 


Fig.  268. 

steel.  Tlie  water  in  the  bath  should  be  slightly  warmed  to  pre- 
vent any  tendency  to  crack.  The  die  should  be  lowered  into  the 
Ixith  and  swung  back  and  forth  gently  so  that  the  bath  may  pass 
through  the  opening,  and  harden  the  walls.  As  soon  as  the 
♦singing"  ceases  it  may  be  removed  and  plunged  into  a  tank  of 
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oil  and  allowed  to  remain  until  cold.     It  may  then  be  brightened 
and  the  temper  dnnvn.     If  more  than  a  few  minutes  is  to  inter- 
vene between  the  time  the  die  becomes  cold,  and  commencing  ^ 
dmw  the  temper,  it  should  be  held  over  a  fire  or  placed  where   ^^ 


Fig.  270. 

can  1x3  heated  to  remove  the  internal  strains  which  have  a  tendency^ 
to  crack  the  piece. 

A  very  common  method  of  drawing  the  temper  of  dies  and 
similai'  pieces,  is  to  heat  a  piece  of  iron  to  a  red  heat  and  place  the 
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hardened  piece  on  it  leaving  the  face  of  the  piece  uppermost. 
Kxperience  hiis  taught  tlie  writer,  however,  that  this  method  of 
treatment  is  too  liarsh  for  hardened  steel,  especially  if  tlie  job  is 
in  tlie  hands  of  one  not 
Ihoioughly  experienced. 
One  >ide  of  the  piece  is 
subjected  to  an  intense 
heat  while  the  opposite  side 
is  exposed  to  the  cooling 
effects  of  the  air.  If  an 
open  fire  is  used  a  plate 
may  be  set  on  the  fire,  and 
the  die  placed  on  the  phite 
before  it  is  hot ;  now  the 
temperature  of  the  plate 
may  be  raised  gradually, 
turning  the  die  occasion- 
ally.   In   this  manner  the 


Fig.  271. 


temper  may  be  drawn  to  the  desired  degree  with  safety.  When 
such  a  fire  is  not  available  two  plates  may  be  used,  one  heating 
while  the  other  is  in  use.     The  first  one  should  not  be  very  hot, 
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Fig.  272. 


the  next  somewhat  hotter,  and  so  on  until  the  die  is  drawn  to 
the  desired  color. 

When  a  die  of  such  a  shape  that  is  likely  to  give  trouble,  is 
to  Im  hanlened  much  more  satisfactory  results  will  follow  if  the 
'*  Pack  Haitlening "  procci^s  is  used.  Run  the  dies  from  1  to  6 
hours  in  the  fire  after  they  are  i-ed  hot,  then  dip  in  raw  linseed  oil. 
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THE  PUNCH. 

The  punch  is  used  to  force  the  metal  through  the  die  thus 
producing  pieces  of  the  desired  shape. 

In  the  case  of  small  plain  dies  the  punch  is  generally  made 
of  the  form  shown  in  Fig.  275.  The  end  A  is  of  the  same  outline 
a«  the  opening  in  the  die,  the  shoulder  B  which  bears  against  the 
shoulder  of  the  punch  holder  takes  the  thrust  when  the  punch  is 
working.  The  sliank  fits  the  hole  in  the  punch  holder,  or  in  the 
ram  of  the  press. 


<  • 


Fig.  273. 

It  is  customary  in  most  shops  in  this  countiy  to  make  the  die 
to  a  drawing,  or  templet,  and  then  harden  it;  after  which  the 
puncli  is  fitted  to  it. 

In  the  ciise  of  a  punch  for  a  plain  die,  the  templet  may  be 
used  in  laying  out  the  punch.     If  the  sliape  of  the  opening  in  the 


Fig.  274. 
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Fig.  275. 


die  is  the  same  on  eiich  side  as  shown  in  Fig.  270  and  the  die  does 
not  change  shape  in  hardening  the  templet  may  be  used  either  side 
next  to  tlie  face  of  puiuth,  but  if  the  outline  is  of  the  form  shown 
in  Fig.  277,  it  will  ])e  necessary  to  exercise  care  when  laying  out 
the  face  of  the  punch  from  a  templet,  because  the  side  of  the 
temj)let  placed  against  the  face  of  the  punch  when  laying  it  out 
will  be  opposite  the  one  tliat  would  l)e  placed  against  the  face 
of  the  die  when  laying  that  out. 
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In  order  to  obviate  this  trouble  many  tool  makers  lay  out  tlie 
face  of  the  puncli  from  the  opening  in  the  die  before  beveling 
the  face  for  shear.  In  order  to  hold  the  puncli  and  die  together 
80  that  there  will  be  no  danger  of  the  punch  slipping  while  the 
required  shape  is  being  transferred,  a  die  clamp  of  the  form  shown 
in  Fig.  278  should  be  used. 

The  punch  blank  should  be  machined  on  botli  ends  and  the 
shank  turned  to  size ;  the  end  which  is  to  fit  into  the  opening  in 
the  die  should  be  finished'with  a  smooth  flat  surface  which  should 
be  colored  with  blue  vitriol.*  After  coloring,  it  may  be  clamped  to 
the  face  of  the  die  by  means  of  the  die  clamp  and  the  outline  of  the 
punch  marked  on   the  face  by  scribing  through  the  opening  in 


Fig.  276. 


Fig.  277. 


the  die.  This  outline  should  be  accurately  marked  with  a  sharp 
pointed  prick  punch  as  the  scribed  line  is  likely  to  become  obliter- 
ated by  the  various  operations  of  machining  the  punch  to  shape. 

After  the  outline  has  been  carefully  prick  punched,  the  punch 
may  be  milled  or  planed  to  shape  leaving  stock  enough  at  all  points 
to  fit  the  die.  If  the  die  is  to  be  beveled  for  shear,  it  should  now 
be  done  and  then  hardened  before  fitting  the  punch. 

The  punch  should  be  machined  close  to  the  lines  and  then 
placed  over  the  hardened  die  and  forced  into  it  a  little  (about  y^g 
inch).  This  is  termed  "shearing  in,"  and  is  the  custom  generally 
employed  in  this  country. 

After  the  punch  has  been  sheared  in  for  a  short  distance  it 
may  be  removed  and  worked  to  size  by  means  of  chisel,  file  and 
scraper  to  the  "  witness "  mark  as  the  portion  sheared  in  is 
termed,  the  operation  of  shearing  may  be  repeated  until  the  punch 
enters  the  entire  length. 

Fit  of  Punch  and  Die.     If  the  material   to  be  punched  is 
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thin  t  r  soft,  it  is  necessary  to  make  the  punch  a  closer  fit  in  the 
die  tliiin  if  the  stock  is  lieavy  or  very  stiff.  Thin  stock  requires  a 
punch  nicely  fitted  to  the  die  in  order  to  avoid  ragged  edges  on 
the  punched  blank.  When  punching  stock  J  inch  in  thickness, 
the  punch  may  be  ^^^  inch  smaller  tlian  the  die  :  if  the  stock  to 
be  punched  is  very  stiff  there  may  be  a  greater  difference,  how 
ever,  the  exact  amount  depends  on  tlie  nature  of  tlie  material  to 
be  used  and  the  character  of  the  tool. 

After  the  punch  has  been  fitted  to  the 
die,  the  cutting  end  should  be  faced  off  to 
insure  a  good  working  surface  and  sliarp 
edges.  Any  distinguishhig  names  or  marks 
necessary  should  be  stamped  on  it,  after 
which  it  is  read     for  hardening. 

Hardening  the  Punch.  Punches  are 
hardened  by  heating  in  a  mufller  furnace,  or 
in  a  clear  charcoal  fire,  to  a  low  red  and  cool- 
ing in  water  or  brine,  preferably  the  latter. 
Puuclies  whose  form  insures  strength  need 
be  hardened  only  on  the  end;  the  hardening 
should  not  extend  quite  back  to  the  shoulder 
or  shank.  Small,  slender  punches  are  some- 
times hardened  the  entire  length,  especially 
if  they  are  to  punch  stock  nearly  lus  thick  '<\s 
the  diameter  of  the  punch ;  in  which  case  the  punch  would  become 
upset  when  uscil,  if  it  were  not  hard  the  entire  length. 

It  is  generally  considered  good  practice  to  have  the  punch 
softer  than  the  die;  on  this  account  the  punch  is  generally  drawn 
to  a  color  that  insures  tliis  result.  If  a  die  is  drawn  to  a  straw 
color,  the  punch  is  drawn  until  it  assumes  a  distinct  purple,  or 
even  a  ])lue  color. 

The  punch  is  sometimes  left  soft^  not  hardening  it  at  all. 
When  this  is  done,  it  can  be  upset,  and  refitted  when  worn.  As 
this  would  not  work  satisfactorily  in  many  cases,  it  can  be  advo 
cated  only  when  it  would  be  considered  advisable  to  use  a  Hoft 
punch. 

It  is  sometimes  necessary  to  punch  a  hole  in  a  piece  of  work 
that  has  been  machined  to  some  given  shape.     The  piece  is  placed 
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on  the  face  of  the  die  against  locating  points,  or  in  an  opening  in 
a  gauge  phite;  the  opening  being  of  the  same  outline  as  the  piece 
of  work.  In  Fig.  279  is  shown  a  blank  intended  for  a  gun-sight 
leaf;  A  shows  tlie  blank  before  the  rectangular  hole  is  punched, 
while  B  represents  the  leaf  after  punching.     The  hole  is  punched 
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Fig.  279. 

somewhat  smaller  than  finished  size,  enough  stock  being  left  to 
work  to  size  with  broaches. 

When  punching  work  of  this  description,  it  is  necessaiy  to 
leave  the  face  of  the  die  flat ;  the  punch  is  sheared  as  shown  in 
Fig.  280.     The  piece  punched  from  the  leaf  is  of  no  value  in  this 
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Fig.  280. 

case,  consequently  the  face  of  the  puncli  is  beveled,  and  the  face 
of  the  die  is  left  flat  in  order  that  the  sight  leaf  may  be  straight 
after  punching. 

When  a  die  and  punch  are  to  be  used  for  an  operation  simi- 
lar to  the  one  described  above,  it  is  necessary  to  make  a  stripper 
of  a  fonn  that  allows  the  pieces  to  be  easily  placed  in  position  and 
removed.     As  the  piece  which  is  punched  is  likely  to  increase  in 
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wi<Ilh  fmiii  tlie  ojienition,  it  is  iulviHahle  tn  have  stops  nr  a  guide 
on  oiu'  side  odlv  in  order  to  iillnw  tlie  piece  to  be  readily  removed 
aftei  it  IS  puiRliul.  Fig.  2H1  sliuwa  tlie  siime  die  witli  stripper 
ami  guide  .itt.u  lied  The  slripiier  is  i-aiaed  sufficiently  from  tiie 
die  to  allow  tlie  work  to  lie  readily  inserted.  A  gauge  pin  is  fur- 
nished for  tlie  mil  <if  tlie  ]iiece  to  determine  tlie  position  of  tlie 
slot  in  lelation  to  the  end.  On  one  side  is  furnished  a  guide 
against  niiich  tht  piece  lesls  to  bring  the  slot  central.  The  piece 
IS  held  against  tlie  guide  by  means  of  a  screw  driver,  a  thin 
piece  of  steel,  or  i  piece  of  wood. 
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a  stripper  ln-ini{  ii 
the  stiippcT  n.ay 
It  is  mndit  in  sue 
Willi  tlie  piiiK'li  c( 
and  rcmain.-j  st;il 
imiicli  linldiT  ;ir 
punches    pass   tin 


is  to  1ie  piiiifhed  and  its  size  does  not  allow  ef 
:aelied  to  tlic  die  as  in   the  previous  ex;im['I»?. 
i  att;tiiied  to  the  pniich  as  shown  in   Fig. -^— ■ 
.  ii  manner  that  the  stripper  plate  desceiidii"*^ 
lies  ill  c;<intaet  witJi  the  piece  being  o[)eiateil  t-"3\^ 
ouary.     lletweeu    the   stripper   plate   and  t^^^ 
coil    wpiings    which    are    compressed.      T^' ^ 
lugh    and    ivturn.     The   stripper   being  foirt*'  ' 


1  by  the  action  of  the  springs  forces  the  blank  from  !•■ 
punches.      The  gauge  jilnte  wlueh  is  securely  f.istened  to  the  (I   * 
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by  means  of  screws  and  tlowel  pins  iis  sliown,  has  an  opening  of 
the  same  general  outline  as  the  bhuik  l)iit  somewhat  hirger  in 
order  that  the  blank  may  be  easily  put  in  pla(»e  and  removed. 

QANQ  DIE. 

The  gang  die  is  used  when  punching  a  blank,  together  with 
any  holes  it  is  necessary  to  have  in  the  blank,  without  being 
obliged  to  handle  the  pieces  twice  as  would  be  the  case  if  they 
were  "  blanked  *'  at  one  operation  and  the  holes  punched  at 
another.  Two  operations  would  be  necessary  if  a  punch  and  die 
of  the  form  shown  in  Fig.  282  were  used. 


Fig.  282. 

A  common  design  of  a  gang  die  is  shown  in  Fig.  283  which 
represents  the  piece  operated  on  in  Fig.  282.  This  die  not  only 
punches  the  holes  but  cuts  the  blank  from  the  sheet.  The  stock 
is  fed  from  right  to  left.  The  two  holes  are  punched  first  and 
the  stock  is  then  fed  along  and  the  blank  punched.  At  the  same 
time  the  two  holes  are  punched  for  the  next  blank  to  be  cut. 
When  the  first  two  holes  are  punched  in  a  strip  of  stock,  the 
sheet  is  placed  against  the  guide  C,  the  end  projecting  slightly 
over  the  edge  of  the  o[)ening  E,  As  the  punches  descend  the 
holes  F  and  F^  are  punched,  and  the  end  of  the  sheet  is  trimmed 
to  length  to  stop  at  gauge  pin  I),  which  should  be  located  about 
.010  inch  farther  to  the  left  than  the  pn)per  location  for  punch- 
ing.    The  center  pins  as  they  enter  the  holes  draw  the  stock 
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iKick  to  the  proper  location.  It  is  obvious  that  the  punch  A  must 
be  a  trifle  longer  than  the  punches  B^  and  B.  Were  the  small 
punches  longer  than  A  or  even  of  the  same  length  they  would 
hold  the  stock  in  such  a  manner  that  the  centering  pins  could  not 
locate  it,  and,  again,  the  centering  pins  striking  on  one  edge 
of  the  hole  would  spoil  the  blank  punched  and  probably  the  pins 
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Fig.  283. 

would  be  broken.  The  centering  pins  must  not  be  a  tight  fit  in 
the  holes  or  the  punched  blank  will  stick  to  the  pins  and  return 
with  tlie  punph.  By  carefully  fitting  the  pins  to  a  punched  hole 
they  may  be  fitted  close  enough  to  insure  punching  within  a  very 
small  limit  of  variation.  In  fact  for  most  classes  of  work  it  is 
possible  to  punch  near  enough  to  standards  for  all  practical 
purposes. 
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When  punching  work  with  gang  dies  of  the  design  shown  in 
Fig.  283,  it  is  easily  seen  that  in  the  ease  of  work  being  punched 
from  strips  wider  than  is  necessary  to  get  out  two  punchings,  the 
scrap  left  between  must  be  lemoved  by  some  means.     This  is  fre- 
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Fig.  284. 


quently  done  by  a  large  lever  shear,  or  a  pair  of  power  shears ; 
this  is  a  costly  operation  where  many  pieces  are  punched  at  a  time. 
To  do  away  with  this  extra  cost,  dies  are  made  having  an  extra 
opening  and  a  punch  working  into  this  cuts  away  the  surplus 
stock,  or  scrap,  leaving  the  edge  of  the  sheet  straight  and  in  con- 
dition to  rest  against  the  guide.     In  Fig.  284  the  opening  A  is  the 
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trimming   die;  the  punch  working  iu  this  cuts  away  the   scrap 
leaving  the  edge  of  the  sheet  straight. 

MULTIPLB    DIE. 

When  making  a  die  for  punching  pieces  whose  outline  will 
allow  it,  it  is  sometimes  advisable  to  make  several  openings  of  the 
same  outline  so  arranged  that  as  many  pieces  may  be  punched  at 
a  time  as  there  are  openings  in  the  die  block.  If  the  work  is 
punched  in  large  quantities  a  great  saving  can  be  effected  in  the 
cost  of  production  by  the  use  of  this  form  of  die. 

Where  perforated  sheet  metal  work  is  manufactured  it  is  cus- 
tomary to  make  dies  having  as  many  as  500  punches  working  into 
one  die  block  at  a  time,  but  as  this  is  an  unusual  application  of 
this  principle  it  will  not  be  considered. 
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Fig.  286.  Fig.  286. 

If  it  is  necessary  to  punch  10  holes  in  the  piece  shown  in 
Fig.  285  a  die  can  be  made  having  this  number  of  openings. 
Then  by  making  a  punch  holder  having  an  equal  number  of 
punches  properly  located  all  the  holes  can  be  punched  at  one 
stroke  of  the  press. 

While  in  the  case  just  cited  the  piece  of  stock  which  had  the 
holes  punched  in  it  is  the  product,  the  punchings  being  scrap, 
the  same  principle  may  be  applied  to  punching  blanks  from  a  sheet 
of  stock  by  means  of  a  multiple  die. 

The  design  shown  in  Fig.  28G  is  the  product  in  a  shop  where 
many  tliousands  of  this  piece  are  used  monthly.  The  die  produces 
a  dozen  or  more  blanks  at  each  stroke  of  the  press  ;  but  for  con- 
venience in  illustrating  the  die  and  punches,  it  shows  but  four 
openings  in  the  die  with  a  corresponding  number  of  punches.  See 
Fig.  287. 
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If  a  die  were  made  with  the  openings  near  enough  to|^ther 
to  punch  the  stock  as  shown  in  Fig.  288  theie  would  bo  so  li'.tle 
etock  between  the  openings  that  the  die  would  not  stand  up  when 
used;  for  this  reason  the  openings  aie  located  in  such  manner  that 
every  other  opening  shown  in  Fig.  288  ia  omitted.  When  the 
punch  descends  four  blanks  are  punched ;  the  stock  is  moved  vn'ii 
the  first  opening  strikes  the  gauge  pin.     This  leaves  the  »toek  ia 
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position  to  punch  between  the  openings  alrendy  made,  thus  pre- 
venting waste.  The  next  time  the  stock  ia  moved  until  the  gauge 
pin  strikes  the  wall  of  the  last  opening  to  the  right. 

BENDINa   DIE. 

In  order  to  bend  metals  to  various  forms,  dies  are  made  for 
use  in  punching  presses,  drop  hammers  and  various  other  machines. 
A  simple  form  of  bending  die  is  shown  in  Fig.  289.  The  shape 
of  the  upper  and  lower  parts  of  the  die  is  such,  that  when  tlie 
upper  part  is  brought  down  on  the  blank  H  (shown  by  the  dotted 
lines)  it  will  be  bent  to  thevequii-ed  shai)e.  The  shoulder  A  formo 
a  locating  stop  i^inst  which  the  blank  rests  Iwfore  bending. 

When  making  bending  dies  for  extremely  soft  metals,  the 
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dies  Diny  be  made  of  the  exuct  shape  of  the  model,  or  Uie  shape 
the  piece  should  he  vhen  finished;  but  if  the  pieces  are  made  fi-om 
stiff  material  \t'hicli  bendti  with  difficulty,  it  will  be  necessaiy  to 
make  the  die  of  a  fonn  that  will  give  the  article  more  bend  than 
is  require<i  as  it  will  spring  back  some  its  soon  as  released  by  the 
return  of  the  upper  part. 

In  Fig.  290  is  sliown  a  form  of 
bending  die  used  in  bending  bow 
spring  and  looped  wire  for  armu- 
ture  connections  or  other  looped 
wire  work.  The  work  is  placed 
in  the  die,  and  the  punch,  a.s  it 


Compound  Bending  Die. 
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descends  bends  the  wire  to  the 
shape  of  the  die.  The  spring  just  back  of  the  punch  is  compressed 
thus  allowing  the  punch  holder  to  descend  iuid  foi'ce  the  side 
benders  BB  toward  the  punch  by  means  of  the  wedge  pins  AA, 
tlius  forming  the  piece  i: 


Kif;.   ^'Wl. 


It  is  obvious  that  it  is  nccessiiry  to  niiike  the  shape  of  the 
punch  and  die  different.  The  lower  die  must  iiave  ils  bending 
surface,  a  curve  nf  a  radius  e<]ual  to  that  of  the  punch  plus  the 
thickness  of  the  material. 

poRMiNa  Die. 

This  tyi>e  of  die  ia  familiiirly  known  as  a  drawing  die.  The 
most  common  examples  olformiiiy  die  ia  that  used  for  drawing  a 
flat  circular  blank,  as  sliown  at  A,  Fig.  :i!*l,  i»t4)  a  cnp-slmped 
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piece,  08  shown  at  B.  This  operation  can  be  done  in  an  ordinary 
punching  press  by  means  of  a  forming  die  of  the  shape  known  as 
a  push  through  die,  from  that  fact  that  the  piece  is  formed  to 
shape,  and  pushed  through  the  die  at  one  operation.  This  form 
of  die  is  shown  in  Fig.  292.  The  face  of  the  die  is  cut  to  recei%'e 
the  blank ;  this  depression  is  known  as  the  »et  edge.     The  opening 
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Fig.  200. 

in  the  die  is  given  a  "  draw  "  of  ^  to  ^  of  a  d(?gree  making  it 
larger  at  the  top,  the  upper  edge  is  rounded  over  and  left  veiy 
smooth.  The  bottom  edge  of  the  opening  is  made  veiy  sharp  in 
order  that  the  piece  may  not  be  carried  back  with  the  punch  as  it 
returns. 

This  form  of  die  is  left  as  hard  as  possible,  and  the  walls  of 
the  opening  are  made  as  smooth  as  they  can  be  polished.  It  is 
sometimes  advisable  to  finish  the  walls  witli  a  later.il  rather  tlian 
a  circular  finish. 
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MAKING  QAUQES. 

CraugcH  are  used  in  machine  shops  in  order  chat  a  part  of  a 
macliiiio,  apparatus,  or  tool  may  correspond  with  some  other  part, 
so  tliat  when  it  is  assembled  every  part  may  go  in  its  place  with 
little  or  no  fitting. 

In  shops  where  work  is  made  on  the  interchangeable  plan, 
that  is,  a  piece  of  work  made  to-day  will  exactly  duplicate  a  simi- 
lar piece  made  at  some  time  in  the  past,  a  verj'  thorough  system 
of  ins[)ection  is  necessary.  In  order  that  the  insi>ection  may 
accomplish  the  desired  result,  gauges  are  made  that  show  any 
variation  of  the  pieces  from  a  given  standard. 
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There  are  si'voral  forms  of  gauges  in  use  for  various  classes 
of  work,  but  only  those  in  eonimon  use  in  the  general  machine 
sho[)  will  l)e  eonsiilered  lu're. 

(iiiuiJt's  are  generally  made  of  fool  steel:  but  hardened  tool 
steel  has  a  teutUuiey  to  ehange  its  size  or  shape  at  a  considerable 
tiuu^  after  tlie  hardening  takes  place.  This  change  is  ascribed  by 
acknowledged  autliorities,  to  a  rearrangement  of  the  ininute  parti- 
cles or  luoleeules  of  the  steel,  whose  orimnal  arransfcment  had 
been  elianged  by  tin*  i)roeess  of  hardening.  While  this  change  of 
si/j'  or  sliape  is  small,  so  small  indeed,  that  it  need  not  be  eoii- 
sidi'reil  except  in  the  cast*  of  ofaui^es  where  ir»vat  aceunicv  is 
reiiuiriMl,  vet  il  has  led  souk'  ma nufac turd's  to  use  machineiT 
steel. 
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If  tool  steel  is  used,  the  tendency  to  change  its  shape  may  be 
jome  extent  by  grinding  the  gauge  to  within  a  few 
thousandths  of  an  inch  of  finish  size  and  allowing  it  to  "season" 
as  it  is  termed  among  mechanics ;  that  is,  it  is  laid  aside  for  a  few 
months  or  a  year  before  finishing  to  size.  This  method  is  open  to 
serious  objection  if  one  is  in  a  hurry  for  a  gauge. 

To  save  time,  it  is  customary  in  many  shops  to  draw  the 
temper  to  a  straw  color,  allowiiig  tlic  gauge  to  cool  off  slowly; 


;his  operation  is  repeated  several  times.  It  is  necessary  to 
brighten  the  steel  each  time  before  drawing  the  temper  in  order 
that  the  colors  may  he  readily  seen  ;  ae  this  very  materially  softens 
the  gauge  it  will  not  last  as  long  as  if  left  bard. 

Accuracy  in  Oauge  Making.  When  making  gauges  the 
workman  should  observe  the  points  emphasized  under  "  Approxi- 
mate and  Precise  Measurements."  While  gwuge  making  is  gen- 
erally considered  very  accurate  work,  unnecessary  accuracy  should 
not  be  used.  If  a  gauge  is  intended  for  work  where  a  variation 
of  .005  inch  is  fwrmissible,  it  ia  folly  and  a  needless  waj*te  of  time 
to  attempt  to  make  the  gauge  within  a  limit  of  variatitm  of  .0001 
inch.     On  the  other  hand   if  the  g*auge  is  to  he  used  as  a  test 
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gauge  on  work  requiring  great  accuracy  it  is  necessary  to  use 
every  possible  effort  to  make  it  accurate. 

If  a  gauge  is  to  be  made  of  tool  steel,  it  is  necessary  to  first 
remove  all  the  outside  portion  (skin)  of  the  stock,  and  "block" 
the  gauge  out  some  where  near  to  shape ;  it  should  then  be 
thoroughly  annealed.  If  the  gauge  is  flat,  and  should  spring 
while  annealing  it  should  not  be  straightened  cold,  as  it  would  be 
almost  sure  to  spring  when  hardened. 

It  is  necessary  to  stamp  the  name  of  the  part  to  be  gauged 
and  the  sizes  of  the  different  parts  of  the  gauge.  The  workman 
should  bear  in  mind  that  the  effect  of  driving  stamps,  letters,  or 
figures  into  a  piece  of  steel  will  be  to  "stretch"  it,  consequently 
it  ij  ac.'/r.^n^ble  to  stamp  the  gauge  before  finishing  any  of  the 
gauging  portions  to  size,  even  if  the  gauge  has  an  allowance  for 
grinding. 

PLUG  AND  RING  QUAQE. 

Plug  gtiuges  are  used  to  gauge  the  size  of  a  hole,  while  a  ring 
gauge  is  for  measuring  a  cylindrical  piece  of  work. 

To  make  a  plug  gauge 
as  shown  in  Fig.  293,  stock 
should  be  selected  enough 
larger  than  finish  size  to  al- 
low for  turning  off  the  de« 
carbonized  surface.  After 
roughing  out,  the  handle  B 
should  be  turned  to  size  and  knurled,  the  portion  C  should  be  turned 
to  size  and  finislied,  the  spot  in  the  center  of  the  handle  should  now 
be  milled  and  tlie  siz(»  of  tlie  gauge  and  any  distinguishing  mark 
or  name  of  the  articU;  to  be  ganged  should  be  stamped  as  shown. 
Or,  as  is  the  eustoin  in  many  sliops,  the  stamping  may  be  done  at 
C.  After  stanipinu:,  lh(»  i^Ji^igti  end  A  may  be  turned  to  a  size 
.010  or  .015  inch  larger  tlian  linish  to  allow  for  grinding.  Plug 
gaugt  s  should  be  heated  very  carefully  for  hardening,  remember- 
ing tlial  the  lowei"  tlu;  heat,  the  mort*  ecmipact  will  l)e  the  grain, 
and  a  piece  of  stcnd  whose  grain  is  fine  and  compact  will  wear 
better  than  one  whose  grain  is  eoarse.  If  the  gauge  is  one  reijuir- 
intr  great  aeeuracy,  it  may  he  left  .002")  or  .OOo  inch  above  size 
and  aUowed  to  se;ison,  providcMl   this  preeaution  is  deemed  neces- 
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saiy ,  if  not  it  may  be  ground  to  a  size  .001  inch  larger  than  finish^ 
after  which  it  must  be  lapped  to  finish  size.  When  grinding  a 
g;iuge  of  this  description,  it  is  advisable  to  use  a  grinding  machine 
having  a  supply  of  water  running  on  the  work  to  keep  it  cool,  but 
if  this  form  of  grinder  is  not  avaihible,  the  gauge  should  not  be 
heated  any  more  than  is  necessary.  The  gauge  should  be  measured 
while  cold,  as  steel  always  expands  from  the  action  of  heat,  and  a 
gauge  ground  to  size  when  heated  would  be  too  small  after  it  had 
cooled. 

When  grinding  work  of  this  nature,  it  is  advisable  if  possible 
to  use  a  form  of  grinder  having  two  dead  centers,  that  is,  one  in 
which  neither  center  revolves.     This  is  mentioned  on  account  of 
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the  tendency  in  some  shops  where  there  is  no  universal  grinder, 
(and  an  engine  lathe  is  to  be  used  as  a  grinder)  to  select  the 
poorest  lathe  in  the  shop  for  the  purpose.  Lather  that  have  been 
in  use  for  some  time  are  very  likely  to  have  l)econie  worn,  so  that 
accumte  work  is  impossible ;  this  is  especially  true  of  the  head 
spindle  which  will  duplicate  its  untruth  on  the  piece  being 
ground. 

If  obliged  to  use  a  machine  of  this  description,  it  is  advisable 
to  leave  a  trifle  more  stock  for  lapping  than  if  a  suitable  grinder 
is  at  hand.  When  grinding,  a  coarse  wheel  free  from  ghize  should 
be  ased  to  grind  within  .004  of  finish  size,  after  which  a  liner 
wheel  may  be  substituted  to  grind  to  lapping  size. 

A  very  simple  metliod  of  making  a  lap  for  lapi>ing  a  cylin- 
drical surface  is  shown  in  Fig.  294  ;  this  consists  of  a  piece  of 
cast  iron  having  a  hole  bored  a  trifle  larger  than  the  size  of  the 
gauge  to  be  ground.  It  is  split  as  shown,  and  is  closed  by  means 
of  the  screw  A. 

If  there  is  much  gauge,  or  similar  work,  reouirir-g  lap[)ing  it 
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is  advisable  to  make  a  lap  as  shown  in  Fig.  295.  The  holder  A 
has  a  hole  bored  to  receive  the  laps  which  are  made  in  the  form 
of  rings  fitting  the  holder  as  shown  ;  these  rings  are  split  in  three 
places.  One  cut  is  carried  through  one  wall,  while  the  other  two 
commencing  at  the  inside,  terminate  a  little  distance  from  the  out- 
side surface.  The  laps  may  be  held  in  place  by  means  of  tlie 
pointed  screw  shown  at  B. 

The  lapping  should  be  done  with  flour  emery  mixed  with  oil. 
This  operation  has  the  effect  of  heating  the  gauge  to  a  degree 
that  would  make  it  unsafe  to  caliper.  On  this  account  it  is  neces- 
sary to  have  a  dish  of  water  handy  in  which  to  cool  the  gauge 
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before  measuring  it.  This  water  should  not  be  €oldy  or  incorrect 
meiisurements  will  result;  it  should  be  as  nearly  as  possible  the 
average  temperature  of  the  room  in  which  it  is  to  be  used,  (aI)out 
70  decrees). 

When  plu<jf  gauges  are  made  of  machinery  steel  they  should 
be  case  hartlencd  in  the  following  manner.  They  may  be  packed 
as  for  '^  Pack  Hardening'';  that  is,  using  charred  leather  as  the 
packing  material.  They  should  run  in  the  furnace  for  7  or  8  hours; 
after  they  are  red  hot,  the  box  should  be  ttiken  from  the  furnace 
and  allowed  to  cool,  after  which  the  gauge  may  be  heated  in  an 
ordinary  fire  enclosing  it  in  a  piece  of  tube.  When  it  reaches  a 
low  red  heat,  it  should  be  jdunged  in  a  bath  of  raw  linseed  oil. 
It  will  not  be  necessary  to  draw  the  temper,  and  the  danger  of 
alteration  as  it  ages  is  done  away  with. 

The  reason  for  not  hardening  when  the  gauge  has  run  the 
required  length  of  time  in  the  furnace  is  that  the  effect  of  the 
Hcaond  heat  is  to  refine  the  steel,  making  the  grain  more  compact, 
like*  projH'rIf/  hardened  tool  mtet^l^  thus  increasing  its  wearing 
(jualities. 
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After  the  gauge  liiw  Iwea  lapped  Ui  tlie  i-eiiuired  size,  it  may 
be  placed  in  a  cliiick  on  the  grinding  ninchtnc  and  tlie  end  ground 
off  to  remove  any  portion  that  is  slightly  smaller  than  the  balance 
of  the  giuige,  as  the  lapping  is  likely  to  grind  the  extreme  end 
slightly  tapering.  In  order  to  save  time  when  grinding  the  end, 
the  gauge  may  be  made  as  shown  in  Fig.  296.     The  sectional 


view  shows  the  end  cupped  in,  leaving  a  wall  -^  inch  to  ^  inch 
thick  according  to  the  size  of  the  gauge,  the  larger  sizes  having 
the  thicker  walls ;  the  cupping  should  be  about  -J^  inch  deep  and 
the  comer  left  slightly  rounded  as  shown. 

Another  method  is  to  cut  a  groove  with  a  round  nose  cutting 
off  tool  leaving  a  disc  on  t)ie  end  as  shown  in  Fig.  297.     If  the 
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gauge  has  its  end  shaped  as  sho\vii  in  Fig.  296,  the  projecting  end 
A  A  is  ground  away  until  the  end  of  gauge  is  straight  across. 
In  case  it  is  made  as  shown  in  Fig.  297,  the  disc  A  is  broken  off 
and  the  end  ground  as  described. 


RIWl  OAUOE. 


Ring  gauges  intended  for  gauging  cylindrical  pieces  smaller 
than  t  inch  diameter  are  generally  made  of  a  solid  piece  of  tool  steel, 
or  machinery  steel  which  may  be  case  hardened.     For  a  gauge  1 
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iiieli  or  l:trger  ciistnni  ViU-ies,  some  tool  makers  mnking  it  of  a  solid 
[lifi')',  whili-  ollicTM  make  the  Ixwly  of  Ciist  iron,  or  marhiner}' sU-el, 
itit^i  \v1iich  is  for<.-e<l  ii  hanleiied  hushing  which  is  the  gauge 
pn.ijer. 

It  iH  advisable  when  making  a  solid  gauge  to  use  a  piece  of 
steel  somewhat  longer  than  finish  dimensions  as  shown  iu  Fig. 
298.  Tlie  dimension  A  representing  the  finith  length  of  gauge; 
the  jirojfictioiia  B  B  being  left  until  the  gauge  is  lapped  to  size. 
The  hole  should  Ik-  l»ored  somewhat  smaller  than  finish  size  iu 
oilier  to  allow  for  grinding  and  lapping.     If  a  grinder  having  an 
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intvrriiil  fjriinlin';  ultachiiifiit  is  not  available,  the  alloivaiioe 
shiKihl  !"■  iiiu.Il  I.'s^^  th;iii  if  it  were  poasilile  to  grind  the  walls  of 
the  huh'.  If  llif  i^aUL,'!'  is  to  Iw  grountl  to  size  an  allowaiici"  ™ 
.nor.  iu.-h  will  1..-  sulliri.-]it ;  if  not  to  be  ground  and  the  hole  is 
iH.ivd  stniiglit  and  smoolli,  allow  .001;'.  to  .002;  but  tlie  aiiiPim' 
li'ft  iMiini.t  W  i;ivi-n  arbitrarily,  as  much  depemls  on  the  conditi"" 
of  tlic  lu.l,..  and  ibi-  rare  used  in  hardening. 

.\ftcr  Imriug  the  hoK-  tbc  blank  may  l>e  placed  on  a  mam^'* 
tlie   en.ls  shajii'd    a«   slu.wn   in   Fig.   298,   the  outside  diain*^'-'^ 
turned  arnl  knurled,  and  ibe  portion   0  necked  to  the  Iwitton* 
tbe   knurlini,',     Tlic  size   and  any  distinguishing  marks  may 
Htaniped  mi   ibia   m-eked   pcirlion  as  sliiiwii.      The  gauge    is   i 
ready  for  bardeniiii,':   niurh  U'ttor  results  maybe  obtained  if 
giiui^c   is   paek    hardened.      If    tins    method   cannot    be    used, 
gauge  sbuuld  be  carefully  heated  iu  a  mulHer  furnace  or  in  a  pi 
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of  gas  pipe  or  iron  tube  in  iin  ordinaiy  fire.  When  it  reaches  a 
low  uniform  heat  it  should  be  plunged  in  a  bath  of  brine  and 
worked  around  so  that  the  bath  may  circulate  freely  through  the 
hole ;  excellent  results  can  Ije  obUiined  if  a  bath  is  used  having  a 
jet  of  brine  or  water  coming  up  ^r'^m  the  bottom  and  passing 
through  the  hole  with  some  force  in  order  to  remove  any  steam 
that  may  be  generated. 

If  it  is  considered  necessary  to  allow  the  gauge  to  "season," 
the  hole  may  be  ground  enough  to  remove  part  of  the  allowance, 
and  the  gauge  laid  away.  If  it  is  not  considered  necessary  to  do 
this  it  may  be  ground  .001  or  .0015  inch  smaller  than  finish  size 
to  allow  for  lapping. 

When  lapping  a  ring  gauge  to  size,  it  is  necessary  to  use  a 
suitable  lap.  A  poor  lap  is  the  cause  of  many  of  the  failures 
when  attempting  to  do  satisfactory  work  of  this  description. 
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When  a  grinder  having  an  internal  grinding  attachment  is 
not  available,  and  it  is  found  necessary  to  leave  considerable  stock 
in  the  hole  for  lapping,  many  tool  makers  claim  best  results  from 
using  two  laps ;  the  firat,  a  lead  lap,  fcr  removing  most  of  the 
stock ;  and  the  second,  a  cast-iron  lap  for  finishing  the  hole  to 
size.  In  either  case,  the  lap  should  be  in  the  form  of  a  shell 
which  should  l)e  held  on  a  mandrel  when  in  use.  Fig.  299  shows 
a  lead  lap  on  a  mandrel  as  described. 

The  mandrel  should  be  made  with  the  ends  somewhat 
smaller  than  the  body  which  should  be  tapering  in  order  that  the 
lap  may  be  expanded  as  it  is  driven  on.  A  groove  is  cut  the 
entire  length  of  the  body  with  a  convex  milling  cutter,  or  it  may 
be  cut  in  the  shaper  or  planer,  holding  the  mandrel  between  cen- 
ters, or  in  the  vise,  cutting  the  slot  with  a  round-nosed  tool.  A 
mold  for  casting  the  lead  to  shape  may  be  made  of  two  pieces  of 
wood  an  inch  or  two  longer  than  the  desired  length  of  lap  which 
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should  be  tliree  times  tlic  length  of  the  liole  in  the  gauge.  The 
two  pieces  of  wood  should  be  clamped  together,  and  a  hole  bored 
with  a  bit  about  J  inch  larger  than  the  diameter  of  the  finished 
lap ;  after  boring  to  the  required  deptli,  a  bit  should  then  be  used 
the  size  of  the  projection  on  the  small  end  of  the  mandrel ;  the 
hole  bored  with  this  bit  should  be  a  trifle  deeper  than  the  length 
of  the  projection.  After  the  hole  has  been  bored  in  the  mold  as 
descril>ed,  the  mandrel  may  be  put  in  position  as  shown  in  Fig. 
300  with  the  mold  in  a  vertical  position.     Two  narrow  strips  of 

wood  or  metal  are  placed  on  top  of  the 
mold  to  hold  the  mandrel  central  in  the 
mold.  In  order  that  the  lead  may  run 
well,  it  will  be  necessary  to  heat  the  man- 
drel somewhat;  this  should  be  done  before 
putting  it  in  the  mold. 

After  the  lead  has  become  cool  the 
mold  may  \ye  opened,  and  the  casting  re- 
moved. It  should  be  placed  in  the  lathe 
on  the  mandrel,  and  turned  to  a  size  .001 
inch  smaller  than  the  hole  in  the  gauge; 
it  may  then  be  charged  with  emery,  using 
fine  emery  and  oil. 

For  finishing  the  hole  to  size,  or  lap- 
ping a  hole  (/round  nearly  to  size,  it  is  ad- 
visable to  use  a  lap  made  of  harder  mateiial 
than  lead ;  for  this  purpose  fine-grained 
cast  iron  answers  i\dmirably,  although 
copper  is  preferrt'd  by  some.  In  order  to  make  a  cast-iron  lap, 
a  mandrel  is  necessary,  which  should  taper  |  to  -^^-  inch  per 
foot  of  length.  The  slight  taper  is  used  in  order  that  the  lap 
may  not  increase  its  size  too  rapidly  when  driven  on  tlie  mandrel. 
The  cast-iron  lap  (sleeve)  should  be  bored  vith  a  taper  corre- 
sponding to  the  taper  of  the  mandrel,  after  which  it  may  be 
forced  on  the  mandrel  and  turned  to  size  and  split  as  shown  in 
Fig.  301.  One  slot  should  extend  through  the  wall  as  shown  at 
A  (end  view),  while  the  other  two  slots  B  B  extend  deej)  enough 
to  allow  the  lap  to  expand  readily.  Before  finishing  the  hole  to 
size  the  lap  should  be  forced  a  trifle  farther  on  the  mandrel,  and 
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trued  ill  the  grinder  using  an  emery  wheel  to  cut  the  hip.  The 
hip  should  be  perfectly  round  and  straight^  in  order  to  produce 
true  holes.  For  the  finish  hipping  tlie  finest  of  flour  emery 
should  be  used.  The  same  precautions  sliould  l)e  observed  while 
cooling  the  gauge  before  trying  the  size  of  liole,  as  were  noted 
under  "  Lapping  Plug  Gauges."  In  order  to  clean  the  gauge  of 
the  oil  and  emery,  it  should  be  dipped  in  a  can  of  benzine,  which 
readily   removes    any  dirt.     Extreme    care   should   be    exercised 


■  ■               -l 

^ 

Fig.  301. 


-when  washing  work  in  benzine  that  it  is  not  brought  in  the  vicin- 
ity of  a  flame  of  any  kind,  tis  it  is  extremely  inflammable,  and  very 
clifiicult  to  extinguish  if  it  b<3comes  ignited ;  should  it  become 
ignited  it  can  be  extinguished  with  a  piece  of  heavy  sacking. 

The  ring  should  be  fitted  to  the  plug  gauge  which  has  previ- 
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Fig,  303. 


ously  been  finished  to  the  correct  size.  It  must  be  borne  in  mind 
that  the  temperature  of  the  plug  and  ring  should  be  as  nearly  the 
same  as  possible  when  testing. 

SNAP  QUAQB. 

This  form  of  gauge  is  used  more  extensively  than  any  other 
for  outside  meiisurements ;  it  is  extremely  useful  in  gauging  a 
dimension  betvyeen  two  shoulders  as  shown  at  A,  Figs.  302  and  803; 
in  the  former  cjise  the  piece  being  machined  is  flat  while  in  the 
latter  it  is  cylindrical. 

Snap  gauges  may  be  designed  to  meet  the  requirements  of 
the  particuhir  piece  of  work  upon  which  they  are  to  be  used. 
When  a  gauge  of  this  description  is  intended  for  use  on  a  cyliu- 
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drical  piece,  the  opening  should  be  made  a  trifle  deej>er  than  one- 
half  the  diameter  of  the  piece  to  be  measured. 

When  a  snap  gauge  is  intended  for  flat  work,  the  depth  of  the 
Slot  depends  on  the  nature  of  the  work. 

Snap  Quages  for  Cylindrical  Work.  As  previously  stated 
when  snap  gauges  are  to  be  used  for  gauging  cylindrical  pieces  it 
is  necessary  to  make  the  opening  a  trifle  deeper  than  one-half  the 
diameter  of  the  piece  to  be  measured,  as  shown  in  Fig.  304,  m 
which  A  represents  the  cylindrical  piece  to  be  gauged. 

When  making  a  snap  gauge  of  this  form 
the  stock  should  l^e  blocked  out  somewhere 
near  to  shape  and  annealed  ;  after  anneiding 
the  sides  may  be  made  flat  and  parallel,  and 
the  size  ^md  any  distinguishing  marks  stamp- 
ed as  shown,  after  which  the  gauge  part  may 
be  worked  to  a  size  .008  to  .010  inch  smaller 
than  finish  to  allow  for  grinding.  The  outer 
edges  should  be  rounded  somewhat  to  prevent  cutting  the  hands 
of  the  operator. 

When  hardening  gauges  of  this  type,  some  tool  makers  harden 
only  the  prongs  that  come  in  contiict  with  the  work,  while  others 
harden  the  entire  gauge.  If  the  contact  points  alone  are  to  be 
hardiMU'd,  the  heating  can  best  be  done  in  a  crucible  of  red-hot 


Fig.  304. 
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lead,  but  if  tliis  is  not  at  hand  a  piece  of  flat-iron  may  be  placed 
each  suU"  of  the  ganLC(%  allowing  the  ends  to  be  liardened  to  pro- 
ject beyond  the  pieces;  the  whole  may  now  l>e  grasped  in  a  pair  of 
tongs,  and  placed  in  the  fire.  The  points  will  reach  a  hardening 
heat  before  the  portion  between  the  flat  pieces  is  very  much  heated. 
It  may  be  plunged  in  water  or  brine  to  harden. 

If  it  is  considered  advisable  to  harden  the  gauge  all  over,  it 
should  be  heated  very  carefully  in  the  fire,  making  sure  that  the 
blast  does  not  strike  it;  turn  it  frequently  to  insure  a   ui^iform 
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h(»Ht.  When  it  reaches  a  low  red  heat  remove  from  the  fire  and 
pliuige  in  tile  Imth ;  if  the  gauge  is  quite  thin  a  bath  of  oil  will 
harden  sufliciently ;  if  it  is  dipped  in  water  or  brine  the  bath  should 
be  warmed  somewhat  in  order  to  avoid  as  much  as  possible  any 
tendency  to  spring. 

After  hardening,  the  gauge  is  ground  to  a  size  .0005  inch 
smaller  than  finish  and  lapped  to  size ;  the  method  used  in  grind- 
ing gauges  of  this  character  will  be  described  later. 
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In  order  to  be  able  to  give  gauges  the  correct  size,  it  is  often 
necessary  to  make  male  gauges.  The  simplest  form  of  male  gauge 
is  shown  in  Fig.  305 ;  it  is  a  flat  piece  of  tool  steel,  made  slightly 
small  on  one  end  to  avoid  grinding  to  size  the  entire  length.  After 
hardening  the  large  end,  it  is 
ground  to  size  ;  it  is  then  ready  for 
use  in  testing  the  size  of  the  fe- 
male snap  gauges  while  the  latter 
are  being  lapped  to  size ;  or  when 
grinding  if  lapping  is  not  consid-  f* 
ered  necessary.  When  it  is  necess- 
ary   to  make  a  snap  gauge   for 

gauging  two  or  more  dimensions  on  a  piece  of  work,  the  gauge 
may  be  made  jus  shown  in  Fig.  306,  while  Fig.  307  represents  the 
piece  to  be  gauged. 

After  cutting  off  the  steel  for  the  gauge,  the  sides  may  be 
planed  to  remove  the  ^^skin."  One  of  the  flat  surfaces  maybe 
colored  with  blue  vitriol,  or  it  may  be  colored  by  holding  over  a 
fire  until  the  surface  becomes  blue.  The  handle  and  the  openings 
that  constitute  the  gauges  may  be  laid  off  on  the  surface.  After 
milling  the  handle  to  shape  the  holes  shown  at  the  corners  of  the 
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openings  may  be  drilled ;  tliese  holes  facilitate  the  operations  of 
filing  and  grinding,  particularly  the  latter.  The  openings  may  l« 
milled  or  planed  to  a  size  somewhat  (^^j  inch)  smaller  than  finish 
and  the  gauge  is  ready  for  annealing.  After  it  is  annealed  the 
two  flat  surfiices  may  be  planed  or  filed  until  flat  and  pai-allel. 
The  name  of  the  piece  to  be  gauged  and  the  size  of  the  openings 
may  be  stamped  as  shown.  If  the  gauge  is  intended  for  gauging 
work  where  a  few  thousandths  of  an  inch  either  way  would  make 
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no  particular  difference,  it  is  customary  to  make  the  openings  to 
the  given  sizes  before  tlie  giiuj^e  is  hardened.  However,  if  tlu* 
gauge  must  be  exact  to  size,  it  is  necessary  to  leave  from  .003  to 
.005  inch  on  each  measuring  surface  to  allow  for  grinding,  and  if 
it  is  desirable  to  have  the  gauge  retain  its  exact  size  for  any  con- 
sideral)le  lenoth  of  time*,  it  will  be  found  necessary  to  finish  the 
gauge  to  size  by  lapping  after  it  is  ground. 

Grinding  Snap  Gauges.  Snap  gauges  may  be  held  in  a  vise 
on  the  universal  grinder  when  grinding  the  openings  to  size  pro- 
vided the  gauge  is  held  in  such  a  manner  that  it  cannot  spring. 
If  it  were  sprung  in  any  manner  while  ])eing  held,  it  would  assume 
its  nomial  shape  when  taken  from  the  vise,  and  consequently  the 
measuring  surfaces  would  not  be  parallel.     This  would  destroy 
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the  accuracy  of  the  gauge,  as  it  is  highly  important  that  the  meas- 
uring surface  of  the  opening  be  parallel. 

A  snap  gauge  may  be  clamped  to  an  angle  iron  which  may 
be  held,  while  grinding,  in  the  vise  as  shown  in  Fig.  308,  or  it  may 
be  clamped  to  a  piece  of  machinery  steel  or  cast  iron  which  is  cen- 
tered as  shown  in  Fig.  309.  This  holder  should  be  placed  between 
the  centers  of  the  grinding  machine. 

If  the  opening  whose  gauging  surfaces  are  to  be  ground  is  of 
suflScient  w^idth,  an  emery  wheel  of  the  form  shown  in  Fig.  310 
may  be  used,  or  a  wheel  may  be  recessed  on  its  sides  as  shown  in 
Fig.  311.     If  a  wheel  of  the  form  shown  in  Fig.  310  is  used  it 
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Fig.  309. 

will  be  necessary  to  remove  tlie  wlieel  after  grinding  one  wall  of 
the  o[)ening  and  reverse  it  to  grind  the  other.  If,  however,  the 
opening  is  too  narrow  to  allow  a  wheel  of  the  form  shown  above 
to  be  used,  a  very  thin  wheel  may  be  made  to  answer  the  purpose, 
but  it  will  be  necessary  to  swivel  the  head  of  the  grinder  a  little 
in  order  that  the  wheel  may  touch  the  surface  to  be  ground  only 
at  the  corner  of  the  wheel. 

If  a  grinding  machine  is  not  available,  an  engine  lathe  or  a 
bench  lathe  can  be  used.  If  th(»  lathe  is  provided  with  a  grind- 
ing attachment,  the  holder  to  whicii  tiie  gauge  is  attached  may 
be  pliiced  between  the  centers  of  the  lathe,  and  the  grinding 
attachment  used  in  the  ordinaiy  manner.  If  the  lathe  is  not 
provided  with  a  grinding  attachment  the  emery  wheel  may  be 
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mounted  on  an  arbor  between  the  centers  of  the  lathe.  The  arbor 
may  be  driven  from  any  accessible  pulley  either  on  some  overhead 
countershaft  or  some  machine  having  a  pulley  in  line  with  a  smidl 
pulley  on  the  arbor,  on  which  tlie  driving  belt  is  supposed  to  run. 
If  this  method  is  used  it  will  be  necessary  to  have  hardened 
centers  in  both  head  and  tail  spindles.     If  a  thin  wheel  is  used  in 


Fig.  310. 


Fig.  311. 


grinding  the  surfaces  of  a  narrow  opening, 
the  tail  center  of  the  lathe  may  be  set 
over  each  way  to  give  the  desired  amount 
of  clearance  to  the  side  of  the  emery  wheel. 
The  holder  mentioned  may  be  fastened  to 
the  tool  rest,  or  the  gauge  may  be  fastened 
to  the  rest  as  shown  in  Fig.  312.  At  the 
right  is  shown  a  side  view  of  one  of  the 
clamps  used  in  holding  the  work  to  the 
rest  while  grinding;  the  center  is  represent- 
ed as  being  cut  away  in  order  that  it  may 
bear  at  its  ends  thus  removing  any  chance 
of  its  tipping  the  work  being  ground. 

Lapping  a  Gauge  to  Size.  Where  it 
is  essential  that  gauges  retain  their  exjict 
size  for  a  considerable  It^ngth  of  time,  the 
gauging  surfaces  must  be  lappetl  to  size  alter  grinding.  The  sur- 
face left  bv  the  emerv  wliei'l,  even  when  the  utmost  care  is  used, 
consists  of  a  series  of  small  rid^ft's  or  irretrularities  wliieh  wearawav 
as  the  gauge  is  used  and  leave  the  oi)ening  too  large;  lapping  the 
gauging  surfaces  with  oil  and  em«My  grinds  these  minute  j)articles 
away,  leaving  a  perfectly  flat  surface,  thereby  increiising  the  dura- 
bility of  the  gauge. 

A  convenient  form  of  lap  for  use  in  lapping  the  gauging  sur- 
faces of  snap  gauges  is  shown  in  Kig.  813.  It  consists  of  a  piece 
of  co{)per  or  brass  wire,  bent  as  shown  ;  the  surface  A  is  filed  or 
hammered  flat  and  charged  with  some  abrasive  material,  ;is  emery; 
extreme  care  must  be  used  in  lapping  the  surfaces  that  they  remain 
perfectly  flat  .tnd  parallel.  Unless  the*  op(u-ator  has  had  consid- 
erable experienee.  in  this  particular  branch  of  the  business,  he  will 
be  likely  to  cut  the  edges  away  more  than  the  center.  To  avoid 
doing  this,  pieces  of  hardened  steel  may  be  clamped  to  each  side 
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of  the  gauge  before  grinding,  as  shown  in  Fig.  314.  As  the  ten- 
dency when  lapping  is  to  make  the  outer  edges  round,  the  portions 
rounded  will  be  the  edges  of  the  pieces  clamped  to  the  gauge. 
After  the  gauge  has  been  lapped  to  size  these  pieces  may  be 
removed. 

Adjustable  5nap  Gauge.     Snap  gauges  that  are  in  cmistant 
use  soon  wear  to  an  extent  that  renders  them  useless,  making  it 


Fig.  312. 

necessary  to  close  them  in  and  grind  and  lap  them  to  size  again, 
or  else  replace  them  with  new  gauges.  This  tendency  to  wear 
and  the  consequent  labor  and  cost  of  resizing  or  replacing  has 
caused  the  adoption  of  a  style  of  snap  gauge  whose  size  could  be 
altered  when  necessary ;  this  form  of  gauge  is  styled  an  adjustable 
snap  gauge. 

The  method  of  adjustment  differs  in  different  shops.     Fig. 
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815  represents  a  form  of  adjuctable  snap  gauge  which  is  not  ex- 
pensive and  gives  excellent  results  in  th'^t  its  size  may  be  readily 
adjusted.  After  blocking  out  the  gauge  somewhere  near  to  shape, 
the  screw  hole  for  the  adjusting  screw  C  should  be  drilled  and 
tapped,  and  the  slot  milled  for  the  adjustable  jaw.  The  jaw 
should  be  made  as  shown  having  a  slot  through  which  the  binding 
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Fig.  313. 


screw    iJ    may    pass. 

The   jaw    should    fit 

^  snugly  in  the  slot  in 
the  frame  and  placed 
in  position  after 
stamping  the  name  and  any  distinguishing  marks.  The  aperture 
E  should  be  worked  to  a  s!ze  .010  or  .015  inch  smaller  than  finish. 
The  adjustable  jaw  B  may  new  be  removed  and  the  gauging  (or 
contact)  surface  hardened,  lacing  careful  not  to  harden  the  entire 
length  of  the  large  portion  or  a  crack  may  appear  in  the  sharp 
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corners  on  account  of  the  unequal  size  of  the  two  portions.  In 
order  to  heat  the  contact  surface  and  not  heat  back  into  the  sliarp 
corners,  the  face  may  be  inmiersed  in  led-hot  lead,  leaving  just 
long  enouiifh  to  suffKnently  heat  th(»  face;  or  the  smaller  portion 
may  be  held  in  a  pair  of  tonics  letting  the  end  of  the  jaws  eonie 
against  the  shoulJors  of  the  piece.  It  may  then  be  heated  in  a  gas 
jet  or  ordinary  fire.  For  most  purposes  it  will  not  be  necessary 
to  harden  the  gauge  all  over ;  if  the  gauging  portion  A  is  haixl 
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ened  it  will  be  found  suflScient.     After  hardening,  the* gauge  may 
be  assembled  and  ground  and  lapped  as  already  explained. 

LIMIT  QAuae. 

Where  it  is  not  necessar}''  that  work  be  of  exact  size,  and  a 
small  limit  of  variation  is  permissible,  limit  gauges  aie  used. 
They  prevent  a  waste  of  time  in  attempting  excessive  accuracy, 
yet  leave  the  work  so  that  the  corresponding  parts  when  brought 
together  will  fit  well  enough  to  meet  requirements. 

These  gauges  are  also  valuable  in  roughing  work  for  finishing. 


o' 


o     (^  Thickness  of  breech  block 
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Fig.  316. 

When  so  used  practically  the  same  amount  of  stock  is  left  on  each 
piece,  thas  facilitating  the  finishing  process. 

If  a  cylindrical  piece  is  to  go  in  a  reamed  hole,  and  the  piece 
fits  well  enough  for  all  requirements  when  .003  inch  smaller  than 
size  of  hole,  it  is  folly  to  spend  the  time  necessary  to  get  a  more 
accurate  fit. 

The  amount  of  variation  allowable  must  be  decided  in  each 
case  ;  on  one  job  a  limit  of  variation  of  .001  inch  might  be  all  th;it 
could  be  allowed,  while  on  another  piece  of  work  .010  inch  might 
be  allowable. 

In  deciding  the  allowable  limit  of  variation  it  is  advisable, 
where  it  is  possible,  to  tjike  into  consideration  the  natural  changes 
that  take  place  in  a  gauge  from  wear.  For  instance,  suppose  a 
piece  of  work  .250  inch  in  diameter  just  fills  the  hole  it  is  to  go 
in,  and  a  limit  of  .0015  inch  is  allowable ;  that  is,  if  the  piece  is 
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-.  •-.  -  ;-  - -^-- J  ."i::^:-:  >  u-^i.  This  irauge as 
'•  •  :...i:r  -.  •' V  ■-.  r  ^ik-r  ir^  the  work;  that 
.'.  :.■."..'  •  a:  -.-  r*'  -  f  '••  -.:.r  j-u^'r, *iL«i  the  exiict  locntion 
^:  \  .<  ■\.'^ ■■:-■:.'.  ■*..:.'.'  .-    i-vr:.. ::.--:  :y  th»r  eve. 

f.;-  .;I^'  r.  -  •-  ^':r.-:..in..T.rr.  wLi'.e  Fiir.  3-0  represents  a 
tf-f*',''.u/  /'Li/-  r'-i.'  I'.r^iuhi  iriiuffiriu'  th»r  p<Mnus  C,  D,  E,  F,  G 
.mA  \\  .:.  f'wi'.ori  'o  r:.e  f.:i'.ruiii  screw  hole  A  and  the  face  B- 
'I  f.#".'-  jioir/-.  r/irj-r.  ;i!ro  br  iii  exiict  rehition  to  each  other;  hence 
\\,t-  t,i-tt'r,'i\y  t  f  ;i  '^.wun^.tA  thi.s  irhiiiacter.  When  making  a  gauge 
ol  i.lihi  t;,  !»*•,  it.  ii  rii.HtoiiiJirv  in  ino.st  sliojis  to  gJiuge  only  those 
)i,if  In  ili;ii  mil  .f  l»«'  Idrjitcd  ill  exact  relation  to  some  other  [)oint  or 

|Mi||||h, 

111  I  In*  rn  .«•  nf  iIm*  «riiii  haiiinier  under  consideration  the  ful- 
t  I  Mill  M(  ri'W  lioir  A  iiiiist.  lie  tlie  main  working  pohit  Ix^eause  \vhen 
il.  I't  «i|irriit4Ml  it.  is  ])ivn(('<l  at  this  point,  consequently  every  point 
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must  be  in  exact  relation  to  this  hole.  The  point  of  next  import- 
nnce  is  tlie  face  B  which  strikes  the  firing  pin  ;  in  order  that  the 
face  of  the  hammer  may  be  the  proper  distance  from  the  firing  pin 
when  hal£  cocked,  or  full 
cocked,  it  is  necessary  that 
the  half  cock  notch  D,  and 
the  full  cock  notch  E  be 
properly  located  as  regards 
the  face  of  the  hammer. 
They  must  also  be  in  exact 
location  ns  regards  the  ful- 
crum-screw hole  A.  In- 
order  that  the  main  spring 
may  exert  the  proper 
amount  of  force  on  the 
hammer,  it  is  necessary 
that  the  spring  seat  G  be 

exactly  located.  As  the  porliona  marked  C  and  H  are  intended 
to  just  611  the  opening  in  the  gun  fmme  when  the  hammer  is  in 
any  position,  it  is  necessary  that  they  be  located  the  proper  dis- 
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tance  from  the  center  of  the  fulciuni-screw  hole  A  ;  hence  the 
need  of  a  gauge  that  wi)l  determine  the  exact  looation  of  all 
points  as  related  to  A  and  B  and  to  each  other.     As  the    por- 
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tions  marked  I,  J,  K,  L,  M,  and  N  most  be  in  exact  location  to  the 
other  points  or  to  each  other  they  are  gauged  with  a  iepanU 
gauge  because  each  additional  gauging  point  on  a  gauge  of  this 
description  complicates  matters. 

When  making  gauges  of  this  character  a  piece  of  machineij 
steel  is  usually  taken  for  the  base;  this  is  planed  to  size  and 
/  |-|  I  ground  or  filed  for  finish  ;  a  hole  is  drill- 
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Fig.  821. 


ed  and  reamed  to  receive  a  pin  the  size 
of  the  fulcrum  screw  hole.  This  pin  is 
made  of  a  piece  of  drill  rod  a  few  thousandths  inch  larger  than  the 
desired  pin.  The  piece  of  drill  rod  should  be  long  enough  to  be 
held  in  the  chuck  of  the  grinding  machine,  and  should  be  cat  of 
the  proper  length  as  shown  in  Fig.  321.  The  short  end  should  be 
hardened  and  the  temper  drawn  to  a  straw  color ;  after  which  the 
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wiro  may  l>e  plucod  in  the  chuck  on  tlie  grinding  machine  and  the 
pin  p'oiind  to  tlic  desired  size.  After  grinding  to  size  it  iiiiiy  be 
l)n)ken  off  and  the  end  ground ;  this  can  be  done  by  holJinR 
the  ])in  in  the  cliuck,  leaving  the  broken  end  out  in  order  that  it 
may  be  ji^roinid  square,  the  pin  should  now  he  forced  to  place  in 
the  hole  in  the  ]>ase. 

The  ^aiii^e  proper  may  he  made  of  one  plate  worked  to  the 
proper  shape,  but  l)etter  results  will  follow  if  it  is  made  in  three 
pieces  as  shown  in  Fig.  320  on  account  of  the  tendency  of  the 
plate  to  spring  when  hardened. 
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These  plates  may  be  made  either  of  tool  steel  or  machinery 
steel,  if  made  of  tool  steel  the  pieces  should  l)e  machined  all 
over  and  thoroughly  annealed,  after  which  they  may  be  planed  or 
milled  to  thickness. 

One  surface  should  be  colored  by  the  blue  vitriol  solution,  or 
the  pieces  may  be  heated  until  a  distinct  blue  color  appears ;  the 
desired  shape  should  be  marked  on  the  colored  surface  and  the 
pieces  machined  and  filed  until  they  fit  the  model,  the  necessary 
degree  of  accuracy  must  be  determined  by  the  nature  of  the 
work. 

After  the  pieces  are  properly  fitted  to  the  model,  they  may 
be  attached  to  the  base  by  means  of  the  fillister  head  cap  screws 
shown.  The  model  should  be  laid  on  the  base  having  the  fulcrum 
screw  hole  on  the  pin.  After  armnging  the  model  in  its  proper 
location  it  may  be  clamped  as  shown  in  Fig.  322.  The  sections 
of  the  gauge  which  should  have  been  previously  drilled  for  the 
screw  and  dowel  pins,  may  now  be  clamped  to  the  base  in  their 
proper  positions.  After  drilling,  the  holes  in  the  base  may  be 
tapped,  and  the  screws  put  in  place.  If  it  is  found  necessary  to 
make  slight  alterations  in  any  of  the  shapes,  they  may  be  readily 
made  as  the  plates  can  be  moved  a  trifle  because  the  bodies  of  the 
screws  need  not  fit  tightly  in  the  holes  in  the  plates.  The  dowel 
pin  holes  should  not  be  transferred  into  the  base  until  after  the 
plates  are  hardened. 

The  plates  may  now  be  removed  and  hardened.  If  of 
machinery  steel  they  may  be  case-hardened,  dipping  them  in  oil 
rather  than  water.  If  made  of  tool  steel  l)est  results  will  follow 
if  the  plates  are  pack-hardened,  running  them  1  to  IJ  hours  after 
red  hot  and  then  dipping  in  raw  linseed  oil. 

If  the  process  of  pack-hardening  cannot  be  used,  satisfactory 
results  may  be  obtained  if  they  are  carefully  heated  in  a  tul)e  in 
an  open  fire,  or  placed  in  the  muffler  of  a  muffler  furnjice.  Wlien 
red  hot,  sprinkle  a  small  quantity  of  finely  powdered  cyanide  of 
potassium,  or  a  little  yellow  prussiate  of  potash  on  the  contact 
surfaces,  place  in  the  fire  again,  bring  to  a  low  red  heat  and 
plunge  in  a  bath  of  oil. 

After  hardening,  the  plates  may  be  attached  to  the  base  by 
means  of  the  screws ;  if  any  of  the  gauging  points  have  become 
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distorted  by  hardening,  they  may  be  brought  to  the  proper  shape 
V)y  (>il-«toning. 

When  the  plates  are  properly  fitted  and  located  in  their  exact 
positions,  the  dowel  pin  holes  may  be  transferred  into  the  base 
and  the  dowel  pins  put  in  pLuje. 

LOCATINQ  QAUOB. 

This  form  of  gauge  is  used  for  determining  the  location  of  one 
or  more  holers  in  relation  to  another  hole,  a  shoulder,  or  working 
surface,  or  any  similar  measurement. 

Fig.  323  shows  a  gauge  for  showing  the  proper  location  of 
the  hole  from  the  edges  A  and  B,  Fig.  324.     This  gauge  consists 
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Fig.  823. 


Fig.  324. 


of  a  base  having  four  pins  for  the  edges  A  and  B,  to  rest  against 
Tliese  pins  are  flatted  on  the  contact  edges  to  prevent  wearing. 
The  [)i(?ce  of  work  to  be  gaus^ed  is  placed  in  position  and  clamped 
to  tlie  gauofu  witli  niiichinists  clanips  as  sliown  in  Fig.  325.  The 
gauge  is  fastent'd  to  the  face  i)late  of  the  lathe  in  sucli  a  manner 
that  the  ]>iei;e  of  work  can  be  removed  without  disturbing  the 
location  of  the  gauofe. 

A  short  plug  is  now  inserted  in  the  hole  in  the  model.  It  is 
necessary  that  the  ]^\n<j;  sliould  tit  very  accurately.  By  means  of 
a  lallic  indicator  I  lie  gaug(>  can  be  h)cated  so  that  the  plug  runs 
perfectly  true.  When  this  lias  been  accomplished  the  model  may 
be  removed  and  the  l)ushing  hole  drilled  and  bored  to  size  ;  after 
which  the  bushiniL,^  may  be  made,  hardened,  ground  to  size,  and 
forced  to  place. 

The  location  of  the  drilled  hold  may  be  tested  by  placing  the 
piece  of  work  on  the  gau!]^e  against  the  pins,  and  entering  the 
gauge  pin  in  the  hole  in  the  work  and  bushing,  as  shown  in  Fig. 
320.      If  the  pin  is  a  close  Ht  in  the  holes  a  very  slight  error  in 
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location  may  !)e  detected.  When  a  slight  error  in  location  is  al- 
lowable, and  it  is  not  considered  advisable  to  hold  the  location  too 
close,  the  pin  may  V)e  made  a  trifle  small,  thus  transforming  the 
gauge  into  a  limit  gauge. 

When  it  is  necessary  to  make  a  locating  gauge  for  testing  the 
center  distjince  of  two  holes,  one  pin  may  l)e  made  removable, 
while  the  otlier  is  rigidly  fixed  as  shown  at  C  Fig.  327. 
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Fig.  325. 


Fig.  326. 


If  the  gauge  is  made  with  both  pins  fixed  it  is  a  difficult 
opemtion  to  remove  tlie  piece  of  work,  provided  the  pins  are  a 
good  fit  in  tlie  holes.  Withdrawing  one  pin  allows  the  piece  of 
work  to  l)e  readily  taken  from  the  fixed  pin. 


A- 


Fig.  327. 

When  making  a  gauge  of  the  form  shown  in  Fig.  327,  the 
fixed  pin  C  may  bc^  located  by  a[)proximate  measurements;  Lut 
the  hole  should  be  drilled  by  some  method  that  insures  the  pin 
standing  perfectly  square  with  the  base  of  the  gauge.  If  a  small 
limit  of  variation  is  permissible  in  the  center  to  center  measure- 
ment A,  the  model  may  be  placed  on  the  gauge  with  the  large 
hole  on  the  fixed  pin  C,  and  the  location  of  the  hole  for  the  mov- 
able pin  may  be  transferred  from  the  model  by  drilling  and  ream- 
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THE  MANUFACTURE  OF  IRON 


Out  of  the  worlii'd  niiiiiial  j)rodut;lion  uf  forty  to  fifty  iiiillioii 
[HIS  of  jiigiron,  the  United  States  alone  furnishes  al)Oiit  eighteen 
tlllion  tons,  or  two-fifths  of  tlie  eutire  output.  Although  the 
;rt-»t  balk  of  this  vast  production  is  consumed  in  the  United 
•lateB,  three  to  fonr  hundred  tliousand  tons  are  annually  exported. 

Over  forty  million  dollars  are  annually  paid  in  wapea  to  the 
if/ht}"  thousand  men  and  boya  employed  in  the  production  of  pig 
r  cast  iron.  The  yearly  valuation  of  tliis  product  is  over  two  huu- 
red  atid  fifty  million  dollars. 

Th«  ever.incrensin|T  consunTptive  power  of  the  United  States 
or  iron  and  eled  products  has  caused  a  phenomenal  growth  iu  this 


I  bran<;h  during  the  last  twenty-five  years.  During  this  period  it 
I  hns  risen  from  a  little  over  oue  million  to  eighteen  million  tons. 
1  Of  this  tonnage  Pennsylvania  contributes  about  forty-seven  per 
I  cent,  while  Ohio  produt-es  seventeen  per  cent,  and  Illinois  about 
I  ten  per  cent.  The  growth  of  iron  iiiaonfacture  in  these  three 
r  states  has  beeu  one  of  the  most  notable  features  in  the  industrial 
L  growth  of  the  United  States.  The  production  of  Pennsylvania 
■  •lone  to-day  is  seven  times  greater  than  the  entire  production  of 
E'^is  country  in  1S70. 
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In  1870,  when  railroad  coiiKtrnction  waa  most  active 
conntry,  Enjiland,  which  proiliiwd  thrw  times  as  miitli  iron  aadid 
this  country,  fiiniialied  us  with  all  of  our  rails  and  other  material. 
After  that,  (jermaiiy  took  the  lead,  but  only  to  be  Biirjiassud  by 
United  States,  which  to-dny  hii3  an  ontpnt  aliriost  t^iial  to  that, 
England,  Geniiany  and  France  comliiiied. 

The  great  and  rapid  advancement  of  the  United  Status  iu  tlilT 
branch  of  iiiduati-y  ia  due,  to  a  gieat  extent,  to  its  rich,  reliable  ami 
easily  obtained  iron  ore  and  its  iiiii'iirpasswl  coking  coal,  the  two 
forming    Uie    moat  essential    iti[.'i-r(lii'[it-^    ii-,iil    in    irnn   making. 


1 


Tliese,    aided   by    tlie   modern   and    Iiie.\)ieiisive    handling   Und  I 
splendid  transportation  facilities,  reduce  the  cost  of  manufac 
to  such  a  low  fignre  that  American  iron  can  Ite  tniiisport'-il 
sold  in  foreign  countries  at  a  large  profit. 

The  channels  of  consiiinptiuu  of  thisenormons  tonnaguaruB 
merons  and  extensive,  affecting  almost  every  walk  of  life, 
million  tons  is  of  grades  suitable  for  foundries,  for  the  |>roduuf 
of  iron  castiugs  fur  machinery,  railroad    rolling   stock,   cast-l 
pipes,  and  a  variety  of  small  nses.     About  half  a  million  tons  ie 
converted  into  wrought  iron,  while  another  half  million  ia  used  for 
steel  castings.     Tlie  reTnainder,  amounting  to  about  eleven  niillio 
tone,  is  utilised  as  the  basis  of  steel  manufacture. 

Tlie  actual  manufacture  of  iron  dates  buck  almost  to  the  i 
historic  em,  bnt  it  was  not  until  1020  tliat  it  was  iiitrodnced  i 
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THE  MASTTFACnJRE  OP  IHOX  3 

3ie  United  States.  From  tbaC  time  on  tho  iiuproveriietits  were 
»|iiil  and  wonderful,  tlie  foremost  of  wiiii-b  were  the  iiitruduction 
)f  coku  in  the  eighteenth  centary,  the  steam  engine  in  176(1,  and 
the  hot  blast  of  J.  B.  Neilson  in  1S2S. 

A  splendid  example  of  one  of  these  antiquated  fnrnacee  can 
Vtill  be  se.en  uear  Lakeville,  Conn.  It  was  tiiiilt  in  1762;  and  so 
excellent  was  its  product  thnt  cannon,  cannon  balls,  shells,  et«., 
were  osed  therefrom,  as  also  the  largo  chalria  whiih  were  stretched 
kcrosa  the  mouth  of  the  Undson  during  that  exciting  period. 

Pig  or  cast  iron  is  not  pure  iron,  but  an  alloy  of  which  iron 
i  the  must  important  ingredient.     Unlike  many  of  the  common 
«!luys,  such  as  bell  uietal  or  brass,  which  are  compo'^-'il  of  a  me* 
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ual  mixture,  it  conaiata  of  a  large,  comjilex  union  of  many 
ind  different  ulementa,  snch  as  carbon,  manganese,  silicon,  sulphur, 
}hoaphoras,  etc.  Tlie  most  important  of  these  is  carbon,  whicli 
gives  fluidity  lo  the  im'tiil  whi^ti  molleii  ami  hardness  when  cold. 

The  three  principal  ingredients  nsed  in  its  manufacture  are 
Iron  ore,  coke  and  limestone.  In  a  few  cases,  cbarttoal,  anthracite, 
Kid  bitnminoQS  coal  are  used,  alone  or  mixed,  in  place  of  the  coke. 
^11  of  these  are  plentiful  in  this  couutry  and  of  most  excellent 
loality. 

The  iron  ores  of  thie  country  are  ilivided  into  four  general 
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cl&eaeB,  the  liigli-j^riulu  ores  coiitainint;  about  fifty  to  sixty  pr  rent 
of  iron,  and  the  low  ores,  thirty  to  fifty. 

Although  small  qimiititieB  of  ore  are  fotiiid  in  Alabams,  New 
York,  Pennsylvania,  New  Jersey,  Wisconain,  Minnesota.  Mifh- 
igan,  Virginia,  and  Wfst  Virginia,  alrout  eiglity  per  wnt  of  tlie 
total  is  niined  in  the  famous  Lake  Superior  region,  of  which  the 
following  are  tlw  principal  ranges:  The  Masaha  in  Minnesota,  tlw 
Mononiinee  in  Michigan  and  Wisconsin,  the  Manjuette  in  North- 
ern Michigan,  the  Gogebit;  in  Michigan  and  Wiseonsin,  and  the 
Vermillion  in  Minnesota.                                                                       1 

The  iron  ore  in  the  United  States  may  Iw  considered  in  foij 
general  commercial  classes — red  and  hiown  hematite,  inagnetttifl 
and  carbonate.  Of  these  four,  the  ret.1  hematite  is  the  most  popu- 
lar, 1>ecau.se  of  \U  rti'bni'f^s  m  iron  and  its  freedom  from  fon^| 
and  non-nietallic  material.  These  olasses  are  eutnlividud  Difl 
vai-ions  local  or  trade  names.                                                             ■ 

Three  general  methods  are  employed  in  the  Uniti-d  Suie^f 
mining  the  ore — surface,  drift,  and  underground.  In  locat^f 
where  the  ore  is  very  hard  or  lies  at  a  dcpih  of  sixty  feet  or  niH 
from  th«  surfiiec,  the  hitler  method  is  emj.Ioyfd.     Shafu  or  tfl 
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nels  are  driven  to  the  ore  beds,  vrbich  an;  then  workitd  iu  ushi 
manner  tu  coal.     In  those  districts  where  the  ore  ie  fouud  in  a  lot 
condition  jnst  under  the  snrface,  surfiiee  mining  is  almnst  allJ 
gether  followed. 

Surface  Mining,  Where  surface  mining  is  emploved,  tht<  d 
miiBt  be  easy  to  get  at.  The  top  soil  is  first  removed  hy  slei 
shovels,  after  which  the  ore  can  readily  be  taken  ont  in  the  sai 
manner.  The  mine  being  thus  opned  or  "strlppeil,"  tracks  i 
laid  in  all  directions  ujion  the  face  of  the  deposit.     These  cxcavi 


tiona  are  usually  wiirked  in  l.tirraceB.  The  ore,  being  lifted  by  I 
numerous  steam  shovels,  is  placed  directly  on  BpeciuUy  constrnct^ 
cars,  in  which  it  is  hauled  to  the  docks,  lu  this  manner  immeni 
quantities  of  ore  are  obtained  at  a  cost  not  exceeding  forty  cents  1 
ton,  while  the  drift  and  underground  re<]uire  an  expenditure  ( 
seventy  to  eighty  cents  a  ton. 

The  ore  ranges  of  Lake  Sujierior  have  atlded  more  lo  the  t 
nomical  advancement  of  A  merioan  iron  than  any  other  single 
Thev  have  given  birth  to  the  tliousundsof  miles  of  railroads  I 
are  scattered  throughout  that  district  and   that  dfvot*?  their  t 
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traffic  to  the  transportation  of  iron  ore.  They  have  added  to  the 
Great  Lake  shijiiiieiits  millions  and  milliona  of  tons;  given  employ- 
ment to  thousands  of  boat  builders  and  crewa;  forced  the  Govern- 
inent  to  make  improveraenta  throughout  their  course;  aud  caused 
ihe  growth  of  towns  all  through  the  mining diatricta  and  the  build- 
ing of  the  largest  docks  in  tlie  world. 

Docks.  With  typical  Auiericaii  enterprise  these  docks  are 
built  with  the  latest  labor- 
eaviiig  devices.  The  spe- 
cially coLstrncted  cars  are 
ruu  out  upon  thent,  and 
their  hopj>er  Hoora  drop- 
,  permitting  the  ore  to 
ftll  into  Dumerons  bins 
>elow.  Underneath  and 
1  both  sides  are  long  rows 
'  chutes  through  which 
Plu  ore  passes  into  the 
(olda  of  the  large  ore-t-ar- 
Thfse  iHiata  are  iii- 
liriahly  filled  tu  their  very 
Iktches.  Over  tweoty-iim- 
Billion  tons  of  ore  wire 
pDBferrud  through  tln^-i  ' 
Kke  lust  year.     The  iu:im 

^nitnde  of  these  strufturew     ^ — -^ — '■ 

can  therefore  readily  Iwini-    ,,u.'ur  lu.^  BRt'tii 
agined.     In    wiuter    all  '"« 

shijimeuta  are  suspended;  consefjuently 
ore  must  always  be  stored  in  the  East,  either  at  the  docks  or  at 
the  furnaces.  Some  vessels  have  a  tonnage  of  six  thousand  tons, 
and  ao  perfect  are  the  loading  facilities  that  it  seldom  requires 
over  five  hours  to  load  them.  After  a  trip  through  Lakes  Supe- 
rior, Michigan,  Huroji,  and  Erie,  the  immense  ore  veasela  arrive 
at  one  of  the  unloading  docks  of  Cleveland,  Conneaut,  or  Ashtabula. 
Here  on  every  aide  are  the  huge  jet  rapid  machluea  that 
transfer  the  ore  from  the  ship's  hold  to  the  huge  pile  on  the  docks. 
These  machines  have  .rrowu  to  such  perfediou  and  magnitude  llmt 
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tbt!  ort'  lM)!its  Sr 
CoiitoutH  truiiaft- 
age  pile*. 

As  wauli-d.  thf  ( 
ImilrtI  into  wirs.  eillifr  d 
from  thi?  Hteatiiera  ov  from  t!ui 
Block  jiilea,  aud  traiiBferrtut  liy 
rail  to  tlie  fiiriiiiceB.  The  f^ivat 
Pittshiirfi  diBtrlft  is  tbtj  d,-sti- 
nation  vf  tlie  groal 
tiie  ore.  So  tlic 
chaiiitral  and  fi'tt) 
have  iK-en  thi-ae  iiii 
ations  of  niiiiing,  loading,  trans- 
porting, and  dt'livuring  tlio  ore 
is  the  Pittsburg  distrii-t,  tbat 
KD  exjienditure  of  only  two  dol- 
lars and  fifty  ecnU  a  ton  lias 
been  iiiL^nrred. 

The  greatest  iidvanceriient 
wliic'h  Aineriouri  iron  iiiiiniifaL-- 
tlire  lias  made  iu  recent  years  is 
in  tbe  bundling  of  ibe  raw  iuid 
finished  materials  at  the  fur- 
TKiiwB.  This  is  due  largely  to 
tlie  great  increase  of  tonnage 
during  the  jiast  ti-n  years.  Over 
ninety  million  tons  of  raw  and 
wventeen  million  tons  of  finisb- 
«d  material  were  bandied  in 
1905  at  the  four  bnndred  and 
twenly-eigbt  furnaees  at^ittered 
tbrougliout  the  United  8tate8. 
Tlie  raw  material  alone  repre- 
eents  an  expenditure  of  over 
one  bnndred  and  thirty  million 
dollars. 

In  contrast    with  the  old- 


ai'ely  held  longer  than  ten  hours  to  have  t 
■d  to  ibe  ator-  ' 
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fasliioDed  method  of  hand  labor,  mighty  macbiTies  are  lu-day 
tuMploywi-  From  (Jm  iimmeot  the  lon^  traiuB  of  ore,  coke,  and 
litiieetune  arrive,  throiij^h  iho  jwriod  of  uuloadiiig,  charging,  inell- 
inp.  CHatin^.  and  loiiiliriLj  the  finiehwl  iron,  iiihii  ncvi^r  onw  I'lilurs 
into  tLt"  operalioti.  The  ore  cara  are  liftod  ujiBide  dowu  and 
their  coiitentu  dmii^HKl  into  hirge  iron  buckcta.  which  automalic- 
ally  carry  them  either  to  the  long  row  of  t)in8  or  to  thi;  lar^e  al'wlt 
piles.  Tile  i^ars  rontuining  the  coke  and  limeston*^  are  run  n]ioa 
a  trestle  under  which  arearrange<l  the  liitis.  By  this  lutahod  tin 
I'Hii  deliver  their  coiitente  directly  into  the  bins  without  any 
ditional  handling,  the  cars  being  provided  with  botturu 
Many  of  the  largei^t  |jlHiits  have  sitHieieut  bin  sfiane  to  permit 
large  (jnaiiliiy  of  ore  to  be  siinilarly  stocked,  ihiis  i\iduclng 
cost  and  liolding  the  large  stock  aiipply  for  emergency  and 
nsuge. 

THE  BLAST  FURNACE 

gigantic  structure,  ovi] 
fiH't  in  height.  It  coi 
of  iin  outer  contiuguf  fl(>«l 
plates,  with  an  innur  liniog 
of  fire  brick.  AccorapftBy- 
ing  thtjse  stacks  are  iurari- 
ably  two  or  more  cjlindrl- 
Qal  steel  strnctnre«)  \tin>vu 
as  fltovca.  They  art«  iiiia- 
:\\\\  smaller  in  diauielvr 
III  lis  high  MS  the  8lu(.'ht 
■  ji'iiiseWes.  nieir  prtic- 
ii];ii'  work  con>!ists  in  iitil- 
^/.itig  the  waste  gases  tii 
iii:it  the  blast  for  the 
fnrnace. 

Charging.  Itunninj; 
jiarullel  U)  Uie  long  row  nf 
fiiviiacea  are  the  inimt-nae 
steel  bins  or  trestles  filled  with  the  ore,- coke  and  liineBtonu. 
At  the  Ixtttom  of  this  structure  sire  small  electric  cara  whioh  w 
kept  busy,  tranaferring  the  deeired   ingn-diouta — ore,  coke,  and 
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meatone — from  the  pitckets  at   tlie  bottom  of   the  bins  to   the 
Bfcip  car.     This    being   done,  the   skip,  which  operates  upon  an 
SBclined  track  from  the  ground  to  the  top  of  the  furnace,  is  con- 
to  tho  top,  where   it  automatically  empties  its  charge  into 
B  upper  or  receiving  bell,     Wlien  fillbd,  the  bottom  of  this  bell 
p  lowered  and  the  material  alhiMed  to  fall  into  a  second  and  larger 
•eiver.     When   this   has   received   its  full   quota,   conalsting  of 


ii]vt;ral  eui'h  loads  and  known  as  a  "charge,"  its  boitoni  is  lowered 
Mid  the  charge  distributed  uuiformly  in  the  furnace  over  the  top 
p(  the  previous  charge.  By  these  two  bells  or  bottoms,  the  top  of 
'  B  {urnace  is  at  all  times  closed.  The  furnace  is  usually  kept 
Hied  within  a  few  feet  of  its  top. 

Bnt  this  is  only  a  portion  of  the  operation.     Encircling  the 

lower  outside  portion  of  this  tremendous  test  tulie,  bo  to  e(>eak,  is 

|.ft  large  pipe  punctured  at  regular  intervals  by  smaller  ones  which 

|,tenniDate  in  the  interior  of  the  furnace.     The  powerful  air-blast 


(."oko  or  (.'Kill,  wliit'LfVer  ia  iiseJ  na  fiit'l,  ln-coiin's  cuuibuscilflu, 
oxy^n  of  the  blast  iinilirij;  witL  llm  t-arlion  of  tlie  fiiwl,  fonniq 
tliu  gas  OO^  aiiij    a   must   inttinse   heat.     Tliis  giis  ascentls, 
during  its  contact  ia  redticod  to  CO.     Uptm   its  contact  with  tbi 
hifjbly  heatetl  ore  and  limestone,  tho  CO  rwlnces  ttie  ore,  tliootb^ 
gaaea  assistiiig  by  beating  tbe  materials  in  tlie  upper  portion  of  tl 
fnruate.     The  limestone  ia  first  changed  into  caustic  lime,  wliicl 
Tiiiites  with  the  alumina  and  silica  of  ihe  ore  and  asli  of  tlie  I 
wilb  ihe  result  of  a  double  silicate  of  lime  and  Hhiiuina.     Thi=  i 
very  fnaiblu  and  doea  not  mix  witli  ibe  inm. 
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Tlie  iiieouiliustible  ami  solid  matters  are  so  mixed  aud  pro- 
-tioned  witli  llio  comlmstiblo  ami  fusible  materials  that  the  en- 
I  cliargR,  when  heated,  will  result  in  only  fusible  Tiiatter. 

niB  filaps,  caused  from  the  earthy  mailers  of  the  ore  mixing 
h  the  riuxea,   follow   the  iron  on    its  ilowiiwiird  course.     Tins, 


RilimiUK  Ih-  HmI  Sine  tr.ini  lli.'  nirnii.  -  Inl.,  r!.,-  riml^r  or  CranulaUiiu  Pll. 

turn,  dri[)9  or  falls  iuto  a  large  hriL'k-liiied  recepluule  in  the 
ttom  of  the  furnace.  Owing  to  their  lower  specific  j^ravity,  the 
igB  float  on  top  of  the  iron,  protecting  the  same  from  the  in- 
lericeof  the  bliist. 

Utilizing  the  Qases.     The  gaaeH  uconmulating  from  thUcori- 


L 
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glomerate  mass  of  liquid,  semi-liquid,  and  heated  substance,  rise 
to  the  top.  Not  finding  an  escape  through  the  charging  bells, 
they  dart  down  the  two  or  more  ''downcomers"  which  are  provided 
for  til  is  purpose.  Here  they  are  led  through  a  box,  where  the  cin- 
ders and  other  solid  matters  are  extracted.  A  portion  of  the  gases 
is  now  carried  thnough  pipes  to  feed  the  boilers,  while  another  por- 
tion is  utilized  in  the  heating  of  the  stoves. 

These  stoves,  as  before  mentioned,  are  large,  cylindrical  struc- 
tures whose  interiors  are  masses  of  fire  brick.  These  bricks  are  so 
arranged  as  to  allow  the  greatest  amount  of  surface  to  be  exposed. 
In  this  manner  they  are  thoroughly  heated.  Each  furnace  has  a 
set  of  such  stoves,  some  of  which  are  always  being  heated,  while 
others  are  giving  their  heat  to  the  blast  which  is  driven  through 
them  prior  to  entering  the  blast  furnace  proper.  At  intervals 
these  stoves  are  chantred,  the  cold  ones  heated  and  the  hot  ones 
employed  for  heating.  This  method  of  utilizing  the  waste  gases 
is  a  comparatively  new  invention,  but  one  which  has  almost  rev- 
olutionized the  iron  industry. 

Casting.  Formerly  there  was  but  one  method  of  casting  pig 
iron;  but,  because  of  the  rapid  advance  in  the  uses  to  which  this 
material  is  adapted,  several  methods  are  now  employed.  The  ulti- 
mate results  of  these  methods  are  of  a  physical  rather  than  a  chem- 
ical nature.  In  any  case,  however,  the  iron  is  first  tapped  through 
an  oj)ening  near  the  bottom  of  the  furnace,  at  periods  of  four  hours 
duration.  I^eading  from  this  is  a  long  channel  in  the  sand, 
through  which  flows  the  white,  glittering  iron. 

If  it  is  to  be  cast  in  the  form  of  sand  pig,  the  metal  runs  into 
a  long  channel  in  the  sand,  with  smaller  ones  running  at  ricrht 
angles  to  both  sides.  These  are  called  "-sows."  Flowincr  from  the 
sows,  the  iron  is  fed  into  smaller  moulds,  about  three  feet  loner  and 
four  inches  wide.  When  solidified,  these  ''pigs,"  as  they  are 
termed,  are  broken  from  the  sows  and  loaded  into  cars,  ready  for 
shipment.  Iron  thus  cast  has  an  accumulation  of  adhesive  sand 
u|X)n  its  ffurface.  It  is  not  extensively  used  in  any  processes  where 
sand  or  silica  is  a  detriment. 

When  wanted  for  basic  purposes  and  free  from  sand,  another 
method  is  employed.  Instead  of  permitting  the  iron  to  run  into 
the  sand  moulds,  it  is  run  through  the  channels  into  specially  con- 
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stniL-tcd  ladlos  or  vuBsela  wliii-li  o|H>rate  upon  wht 
u  capacity  of  1S,000  |m)UIhJs  eacL:  live  to  six  are  ngDalty  fitlwl  from 
encli  lilaat  ur  cast.     Ab  tilled,  they  ar«  drawn  to  the  casting  Louse. 
where  they  are  tilted  in  siicli  mauner  as   to   permit    the  molten 
metal  to  run  into  an  endless  chain  of  cnpe.     These  cnpe  are  alwiit 
two  feet  long  and  eight  inches  wide  at  the  base,  and  are  attacbt^l 
to  an  eudlesB  chain  that  rests  u|ion  a  track.     By  means  of  an  engine 
or  motor,  the  chain  la  revolved,  the  cups  pnsxing  through  a  Ion;; 
tiink  of  wnter,  at  thti  end  of  which  ie  an  ini-liiif,  up  which  tlir- 
chain  hearing  the  cups  passes.      When    it  reaches  au  elevation  ot 
about     ten   fci-t.   llic  chain 
passes  over  two  gear  wlieelB 
on  its  way  hack.    Tlie  cujw 
turn  up-aide-down,  throw 
ing   iheir  now  solid 
nls  into  a  car  l)en<«lh. 
During   recent   y» 
Lr  exj>ense  of  casting 
l>een   great  I  y   IcsscuimI 
the  invention  or  practical 
iiiiing  ihe  iron  dl 
molten     condition.      It    la 
transferred  in  Iwllea  diwcl 
from  the  blaFt  fnrnacH  to 
the    steel     furnawg,    ibus 
avoiding  n  second  tnelli»g 
in  the  latter  opiTatiun. 

The  slag  is  run  olf  si 
irregular  intervals,  in  * 
manner  similar  to  the  iron, 
but  through  an  openin|; 
alxive  the  iron  line.  Ttis 
avoids  any  jiossiblu  wssUf 
of  iron.  Cbauuels  are  built  in  the  sand  to  lead  the  slag  from 
the  furnaces  to  either  a  granulating  pit  or  to  the  ladles.  In  tbf 
former  cjise  it  falls  into  a  large  pit  or  well  cimtaining  water.  Tlw 
hot,  lic]uid  slag,  coming  in  contact  with  the  water,  Bolidifiea  in 
the  form  of  shot  or  sand.     ThiH   is  continually  being  lifted  out 
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by  lartre  electric  scoops  and  loaded  into  cars.  In  this  form  it  is 
utilized  either  for  cement  or  ballast.  If  ladles  are  used,  the 
molten  slag  is  allowed  to  flow  into  several  specially  built  ladles, 
which,  when  fille<l,  are  carried  away  and  dumj)ed  into  ravines 
and  hollows. 

There  are  many  j^rades  of  iron,  different  only  as  to  their 
chemical  composition.  The  most  common  of  these  are:  Foundry, 
gray  forge,  mottled,  white,  standard  l^ssemer,  basic  and  malleable 
Bessemer.  The  foundry  irons  are  subdivided  into  Nos.  1,  2  and  3, 
according  to  the  j)ercentage  of  silicon. 


ANALYSIS  OF  PIG  IRONS 


grade 


'Ihci  following  table  gives 
s  of  pig  iron: 

SlIJCON 

..     2,50%  to  3.00% 
..     2.00%  to  2.50% 


1  'i'^("   to  •>  -^'\f' 


Grade 

No.  1  Fruuidry 

No.  2  Foundry 

No.  3  Foundry 

Gray  Forge 1 .  25  %  to  1 .75  ^j, 

Mottled about      1.00% 

Whit*? about     1.00% 

Standard  Bessemer  1.00%  to  2.00%, 

Basic 1.00%  and  under 

Malleable  Bessemer  1  25%  and  under 


a  routrh   analysis    of    the    several 


SuLPurR      Phosphorus       Manganesf 


.03%,  and  under 
.04%  and  under 
.05%  and  under 
.07%.  and  under 
.10%,  and  under 
.15%  and  under 
.05^;  and  under 
Mh<;i  and  under 
.1*5%  and  under 


.40%  to  .80% 
.40%,  to  .80% 
.40' ^,  to  .80% 
.40%,  to  .90% 

variable 

Tariablo 
.10%  to  .20%, 
.50%  to  1.00%, 
.05%  and  under 


.30%,  to  .00% 

.30%  to  .60%, 

.30%  to  .60% 

variable 

variable 


THE  MANUFACTURE  OF  STEEL 


This  is  the  age  of  steel.  From  the  delicate  embroidery  needle 
totheonehandred-tongiin,the  most  importaut  tools  of  civilization 
mremade  of  steel.  The  steel  industry  is  the  index  to  the  prosperity 
of  the  whole  people;  it  marks  also  the  place  of  a  nation  among  its 
peers. 

The  United  States  makes  more  than  one-third  of  the  world's 
production  of  steel — fifteen  millions  out  of  a  total  of  thirty-six  and 
one-half  millions  of  tons;  it  is  the  richest  and  most  prosperous 
among  the  nations.  The  two  statements  are  complementary. 
Germany  comes  second,  with  an  annual  production  of  8,000,000 
tons;  and  England  third,  with  5,000,000  tons.  The  450  steel 
works  scattered  throughout  the  United  States  represent  a  total  in- 
vestment of  over  5442,000,000,  and  pay  $103,000,000  annually  in 
wages.  These  figures  cover  only  the  actual  production  of  steel  in 
its  crude  form,  a  process  in  which  man  has  rapidly  been  super- 
seded  by  the  marvelous  and  all  but  human  machines.  The  mag 
nitude  of  the  industry  in  its  entirety,  representing  a  capital  of 
billions  and  employing  millions  of  wage-earners,  may  therefon^  l)e 
imagined. 

Definition  of  Steel.  Steel  is  so  closely  allied,  in  certain  par- 
ticulars, to  cast  and  wrought  iron,  that  a  complete  and  satisfactory 
definition  of  it  is  almost  impossible.  Though  differing  consider- 
ably in  their  physical  and  chemical  properties,  they  are  all  alloys 
Kof  iron  and  carbon,  the  essential  difference  amongr  them  beincr  in 
percentage  of  carbon.  Wrought  iron  usually  contains  less  than 
0.80  per  cent  of  carbon,  and  is  not  materially  susceptible  to 
^Attdening  when  suddenly  cooled.  It  invariably  contains  slag  and 
•  malleable.  It  is  the  product  of  the  'Spuddling"  furnace. 
i  Steel  usually  contains  between  0.08  and  2.00  per  cent  of  car- 
ion.  Although  its  minimum  limit  extends  within  the  bounds  of 
Ron^t  iron,  it  is  free  from  slag.  With  but  few  exceptions,  bUh^I 
ia  capable  of  hardening  and  is  malleable  at  some   temperature. 
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Cast  or  jn'g  iron  contains,  as  a  rule,  between  2.00  and  4.00  per  cent 
of  carbon,  but  is  not  malleable  at  any  temperature.  From  these 
definitions,  therefore,  it  is  seen  that  steel  is  the  alloy  between  cast 
and  wrought  iron. 

Processes  Used.    To  obtain  the  physical  and  chemical  prop, 
erties  nivdtd  for  the  numerous  and  almost  totally  different  uees  to 
which  steel  is  put,  several  processes  are  employed  in  the  conversion 
of  the  iron  scrap  and  other  raw  materials  into  steel.     The  most  im- 
portant of  these  are  the  **I>essemer,"  the  "open  hearth'*  and  the 
"crucible''  proct^sses.     The  first  of  these,  named  after  the  great  in- 
ventor.  Sir  Henry  Bessemer,  is  the  method  by  which  the  majority 
of  cheaper  steels  are  man  u fact u red.     Accordingly,  we  find  the  great 
tonnage  of  rails,  structural  8ha{)es,  shafting,  and  the  lower  grades 
of  sheets  and  wire,  produced  in  this  way.     Tlie  opjn  hearth  proc- 
ess furnishes  the  steel  for  springs,  shovels,  the  better  grades  of 
wire,  forgings,  ])lati»3  and  other  articles,  in  which  a  higher  grade  of 
material  than  Bessemer  is  required,  yet  a  grade  not  so  fine  as  Cru- 
cible.    When  the  highest  grade  of  product  is  desired — snch  as 
edge  and  cutting  tools,  surgical  instruments,  razors,  saws,  die  blocks 
etc. — steel  froin  the  crucible  furnace  is  utilized. 

Crucible  Process.  Crucible  steel  is  made  in  much  smaller 
(]u;mtit:;*s  tlian  tln^  oilier  forms  of  stei^l,  tlie  endeavor  being  to  oi)- 
tain  (juality  rathrr  tli.ni  (|uaiit!ty.  (\)nse(juently  it  is  a  very  hi  Mi- 
pricrd  sieel,  the  lihcr  grades  selling  as  high  as  sixty  to  eighty  cents 
a  ])ound. 

Tlu^  mixturo  for  melting,  consisting  of  definite  and  carefully 
woi<rlH'd  amounts  of  ecrtaiii   <rra<les  of   wrought  iron,   blister  U'ir, 
a]l(»\s  and  seiap,  according  to  tlie  gradt*  of  steel  desired,  is  p.icked 
in  ]»ots  var\in;i;in  capacity  from  50  to  loO  pounds.     These  pots 
an^  usually  eoni[>osc<l  of  ])luml)ago  and  (Jernian  clay,  although  in 
En«rland  a  clay  ])ot  is  almost  alto<xether  used.      The  life  of  the 
plumhairo  pot  vaiics  according  to  the  manner  of  treatment,  the 
mixture  of  materials  melted  within  it,  and  the  quality  of  the  pot 
itself;  but  on  a  rouj^li  avciac-o  it  miijlit  be  stated  that  each  can  be 
uscil  tlirct^  times.     'J'lic  pots  being  lilKul,  and  a  cap  placed  upon 
each,  tliey  arc  lifted  one  by  oiu»  and  placed  in  the  furnace. 

Aliliou^ih  tlit^  ciucible  process  is  one  of  the  oldest,  but  little 
advau'-e  lias  been  made  in   I'.i.  ooeiuli'jii.     The  furnaces  of  to-<liiy 
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and  tht}  methods  employtid,  am  practically  the  saiiiu  as  thosu  in 
Vf^ijt'  iluriiig  the  times  of  our  forefathers  in  17S!I. 

The  fiirnaoo  pro[K'r  constats  of  numerous  hok-s,  varying  in 
nunil>er  according  to  the  size  of  the  furnace.  In  Ann-rica  the 
fumucfS  UBtially  contain  from  four  to  ten  holes,  six  pots  iM'inp 
placed  in  each,  three  abreast  and  two  deep.  The  pots  real  npun  a 
thick  layer  of  coke  dust,  which  is  &hh  to  withstand  a  very  severe 
Ileal  without  becoming  spongy  or  liquid,  the  coke  dust  making  a 
very  firm  yet  easy  rest  for  the  pots..  Kach  hole  ia  providi'd  with 
threi'  covers,  which  are  easily  removed  by  means  of  a  lever. 

The  furnace  being  thus  charged,  and  the  covers  plaeeil  (iver 
the  holes  as  cliiaely  as  poasilile,  the  gas  and  air  are  perniitli-'l   to 
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enter.  Kushing  through  the  superheated  chambers  on  one  side  nl 
the  row  of  holes,  they  meet  and  ]>ass  through  the  flueS  itto  the 
fornacv. 

CMrculating  around  the  pots,  this  heattol  gas,  wliich  rises  in 
teraperaturi)  to  about  8,(11X1'  V.,  finally  passes  through  the  opposite 
flu.  J  into   the  cliaoibers  on    the  opposito  siiie.      Pausing  tiirough 
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these  and  thoroughly  heating  the  same,  it  iinally  pasHes  up  the 
stack. 

The  {)Ots  are  subjected  to  this  terrific  lieat  for  two  and  a 
half  to  three  hours,  when  tlie  iiielter,  by  means  of  an  iron  nxl, 
pushes  the  caps  of  the  ])ot8  aside  to  ascertain  whether  the  mass  is 
melted.  When  melted  it  is  still  left  in  the  furnace,  in  ordtT  to 
boil  out  any  gas  which  miglit  be  held  in  solution.  This  is  terme<l 
**killing"  or  ''dead  melting."  Having  been  '^killed,"  the  molten 
steel  is  ready  to  be  cast. 

In  preparation  for  this  work  of  casting,  the  men  wrap  their 
legs  with  carpets,  rubl)er,  etc.,  and  soak  themselves  with  water. 
The  cover  is  drawn  from  one  of  the  holes;  and  the  "puller  out,'' 
dressed  as  above  described,  stands  over  the  furnace  or  hoh*,  and  ])v 
means  of  a  pair  of  tongs  jiulls  the  pots  out,  one  at  a  timi*,  carrying 
them  to  the  jnoulds,  which  are  stand  in  jr  in  the  castinij  pit  at  tht» 
end  of  the  floor.  There  the  molten  steel  is  ]K)ured  into  the  moulds, 
which  stand  upright.  As  a  rule,  the  moulds  are  of  one-pot  capac- 
ity, but,  if  larger  ingots  are  desired,  larg.T  moulds  are  employed, 
the  metal  btMug  obtained  from  several  pots.  (\ire  is  taken  that 
the  stream  from  the  two  pots  is  not  broken,  the  licjuid  fiowing con- 
tinually.    If  this  is  not  done  the  result  will  be  a  defective  ingot. 

The  pots,  if  in  good  condition,  are  refilled,  and  ]>la<*ed  brick  in 
the  furnace.  When  the  stivl  in  the  mouMs  has  solidified,  the 
moulds  are  unfastened  and  the  hot  ingots  drawn  out,  ready  for  an- 
other departiiuMit. 

Tlie  inrfots  are  first  tnken  from  the  castinrj  pit  or  furnaee  to 
the  "tempering"  d«»partment.  Here,  by  means  of  a  sledge,  the  top 
of  the  pij)ed  end  of  each  ingot  is  knocked  olF  in  order  to  expose*  the 
grain  of  the  steel,  thus  pernniting  an  e\perienc»'d  eye  to  ascertain 
the  carljon  p(»rc«»ntai;e  of  the  siuiu^  In  mild  in<<"ots,  and  tliosi*  of  a 
shape  or  size  that  will  not  ])ermit  of  the  ends  being  removed,  a 
small  corner  of  the  ingot  is  chipped  off. 

Tlie  formula  beinjj  marked  upon  the  in<;ot,  indicatinir  the 
grade  and  the  jHTcentage  of  cubon,  the  ingot  is  then  either  ])ihMl 
in  stock  or  taken  directly  to  arn^ther  department.  Unlike  the  prod- 
ucts of  other  processes,  many  gradi*s  of  crnciblo  steel  are!  first 
weldeil — hauimered  at  a  liitih  lieat  thus  reiininjr  theirrain  and<l(*- 
stroying  many  of  the  blow  holes  or  gas  hoK's.     The  steel  is  then 
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nmiAUy  taitMi  (tirM-lly  either  to  tlie  lianinicr  dliup  or  to  the  mills. 
la  either  cast-  llit-  hillHta  are  r«liicc-d  to  tbo  desired  wbajw  und 
«9te  by  being  [laHBed  butween  rolls  or  nuder  the  rapidly  moving 
diee  of  the  etenni  hsiHiiiier.  Tlie  t-oinplelwl  billots  go  to  ibt?  -in- 
■ptKtion  house,"  where  every  bar  of  steel  is  examined  niiimtely  for 
ftll  dofeets  iH-fore  being  weighed,  iiiHrke<l  and  ship[)ed. 

<^n  Hearth  Process.  Tlie  opti  hearth  prowss  furniwhea 
Blxittt  oni'-lhird  of  ibe  slwl  used  to-day.  It  has,  for  the  past  few 
yiMtrx.  Iweii  rnpiiily  eniwding  Bessemer  steel  out  of  the  mitrket.  as 
WbD  »s  iiiiikiiig  giviit  iriniail^  in  llie  fields  foninTly  oceiipiwl  by  ibo 
cmcible  prodnel, 

Tlie  fiiiiWB  of  Ibis  popnlarity,  on  the  one  hand  is  Ihat  tlie 
VtiM^,  in  many  caKes,  is  much  sonnder  and  given  better  aatisfaeticm 
ID  BesBKiiier — whieli  uiitnrally  jtiatitiea  the  small  additional  ex. 
ta»s«i.  ( )n  tbe  other  liand,  exjH-riiueiitB  have  proven  that  the  lower 
grades  of  iTiiejble  sletd  can  reailily  bo  inanufaelnred  hy   tbe  ojieii 

lluarth  method  without  any  visible  dilferenee  exeept   for   the  very 

tnnch  decreased  expense. 

The  furnaces  in  which  open  beiirtb  atetd  h  made,  vary  in  gize 

fpoiii  five  to  (ifty  tons'  i'a|.:tcit_v.  tli.-  iiiodern  ones  heini,' of  ihelaller 

toacagi'.      In    d  cs  i  >:  n 

llicy  consist    of    !in 

long    brick    mruci 

iUlk«  at  both  ends. 

in  thd  ease  uf  th< 

ftinia;^.    every    p 

of  ht-at    is  c 

Utilized,     'ill 

gaa,  entering 

tbe   fnrmu-e 

thrawti  down 

ellurge     or    "buili" 

Uiu  Kurviitnre  of  the 


Ibernn 


"f^ 


orbearib,  nii 
tfattir  (>8Cu|)o  through  the  porta  on  the  opixwit*-  aitiw,  into  lli 
bnting  chambers  lielow.  Thoroughly  heatiug  these,  they  finally 
pncit  up  the  fltack.  At  regular  intervals  the  air  ia  allowed  to  circu- 
late through  the  previously  boated  chanilK-TS  prior  to  itn  eniranoe 
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into  the  fnmace,  the  oaoiping  f^uet  entering  «nd  heating  the  op- 
posite or  cool  set. 

The  bottom  or  hearth,  which  eonyei|^  to  one  point  in  the 
center  of  the  fnmac^  thxts  bcilitating  the  tapping,  Is  nsnallj  lined 
or  covered  with  a  special  material,  dependent  upon  the  nature  of 
the  chnmical  reaetion  desired.  If  a  basic  n^t'tion — one  in  which 
Bome  of  the  foreigQ  aabstances  are  eliminnttil  or  ivdtu»»d — ta  de- 
Bired,  a  basic  lining  is  placed  npoo  the  bottoTii.  Tlitg  iiHuaDy  cud- 
Bists  of  dolomite,  althoagh  niagnesite,  chroniitt*.  nnd  time  bavt- 
been  nsed  in  a  few  cases.  These  materiak;  are  hMo  to  withxtAnd 
the  strong  basic  slag.  In  the  acid  process,  wln'i^  thi<  [i]i<u|ilioru» 
sod  Bolphnr  are  bnt  little  affected  bj  the  clieiiil^il  reiU'tiun,  a  saod 
lining  is  nsnallj  employed.  _ 

During  the  past  few  years  the  open  hetirtli  ptutita  have  been 
entirely  revolutionized.  Whereas,  in  former  dnys,  Ibu  pig  irm 
waa  chained  in  a  cold  state,  to-day  it  is  aliiioi^t  Hnivuraally  |iotiR<() 
into  the  furnace  in  its  maiden  liquid  condition,  tliiis  eeonouiisin^ 
in  heat,  labor,  and  time  in  melting. 

By  the  present  methods,  the  large  laiJIis  of  iron  are 
directly  from  tlie  blast  furnace  to  the  mixt-r.  Tliny  are  luf. 
verted,  and  their  contents  gradually  ponred  ia.  Beoeiviiig 
do<-s  tlu!  j)rodn('ts  of  tlie  various  casts  of  the  blast  faroaceBt  the 
mixer  avt?,  an  an  imiiienseBtoiiirreroom,  at  the  same  time  thoron^ly 
mixing  tlio  several  cists  together,  forming  a  uniform,  homo. 
geneuiis  mass. 

^Vlifti  the  iron  ia  re<inin-(l  in  tlie  open  hearth  or  Itessemerde- 
partiiient.i,  tlie  liirj^e  fnrniii-e  ia  snnjig  down  Upon  its  axis,  permit- 
ting till'  njoUen  ni>'l:il  to  lliiw  through  tlie  mouth  into  the  ladles 
atandiniT  upon  tlie  lloor  In-low. 

Tlie  OjK'ii  liiuitli  furnacus  are  charged  with  all  manner  of  scrap, 
old  castings,  mils,  etc.  As  retjuired,  the  desired  quantity  of  each 
ingredient  is  placed  In  large  cast-iron  charging  boxes  similar  in 
eha]ie  to  a  l>utli-tnl>,  hiivtng  a  capacity  of  about  5,000 pounds  each. 
Tliei^u  in  turn  are  picked  up  and  placed  sidewlse  upon  small,  flat, 
narrow -gauge  cars.  AVhen  a  snfHcient  amount  to  make  a  chaige 
lias  tliiis  been  collected,  tlie  curs  are  drawn  into  the  building,  close 
to  tlie  front  of  the  fnruace.  Tlie  furnace  being  ready  forchai^ng, 
tbe   iniMieuse  electric  charging  machine  is  brought  into  action. 
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r>v  iiK-Hii.s  uF  tliU  wonderful  device,  oiiu  iitaii,  wbu  inanipulatea  the 
elitlrif  levers,  can  cliarge  a  furnace  in  lees  than  twenty  minutes, 
whereas,  a  few  years  ago,  this  was  tLo  work  of  several  luiura  for  a 
large  army  of  men. 

Tlie  "acid"  iirucess  is  jiraclieally  no  more  nor  leas  tlian  a  case 
of  oxidation,  in  which  the  jiliospboroiis  and  8ii1|iliurof  the  charge 


Whli^-Hni  liit-nt  .>t  Sl«l  Being  DiMivured  lo  Ibn  KoIIk. 

Hie  not  removed,  but  tlio  fltecl  continues  to  hold  almost  evpry  atom 
of  these  iiifrredi^uts  as  they  wi^re  presi^nt  in  tho  iron,  scrap,  and 
ore.  So  the  composition  of  the  raw  stock,  as  regards  these  two 
elemeDts.  must  be  positively  ascertained;  and  if  a  low  pIioBjihorua 
and  Biilphnr  steel  is  desired,  the  charge  must  be  regulated  accord- 
in'jlv.  On  the  oilier  ha ntl,  the  carbon,  manganese,  and  silicon  eon- 
l;ii»ed  in  [he  raw  stock  are  oxidized. 
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In  this  process  the  iron  is  usually  charged  first  (though  many 
plants  charge  the  stock  or  scrap  first),  care  being  taken  to  insure 
its  equal  distribution  over  the  bottom  and  on  the  banks  or  sides, 
the  scrap  being  placed  as  evenly  as  possible  over  the  iron,  thns  per- 
niitting  the  scrap  to  melt  first  and  trickle  over  the  hot  iron,  the 
latter  being  thus  protected  by  the  carbon  and  silicon,  for  which 
oxygen  has  a  greater  affinity  than  for  iron. 

After  the  metal  becomes  molten,  a  covering  of  slag  forms 
upon  the  bath,  due  to  the  sand  from  the  pig  iron  if  the  iron  has 
been  charged  in  the  form  of  sand -cast  pigs,  and  to  the  silica  pro- 
duced by  oxidation.  If  the  pig  iron  is  free  from  sand  and  low  in 
silicon,  the  slag  will  be  very  thin  and  of  a  basic  nature,  which 
would  ruin  the  bottom.  As  a  result,  an  addition  of  silica  would 
have  to  he  made.  If  the  opposite,  iron  is  usually  added,  which 
forms  an  iron  oxide. 

When  the  entire  bath  has  been  melted,  iron  ore  is  added  at  in- 
tervals,  thus  oxidizing  the  carbon,  manganese,  and  silicon,  and 
forming  silica  and  oxide  of  manganese,  which  pass  into  the  slatr? 
while  the  carbon  forms  carbonic  oxide  which  unites  with  the 
flames.  The  carbon  thus  causes  the  entire  bath  to  bubble,  which 
exposes  the  metal  to  the  flames  and  keeps  it  hot.  The  metallic 
iron  which  is  st't  fn^e  hv  the  union  of  oxycrtMi  with  the  silicon  and 
carl)()n,  is  dissolved  hy  the  bath. 

At  iiit(M-vals  a  small  cup  is  j)bu'ed  in  the  hath,  and  a  test  of 
the  steel  poured  into  small  test  iuo^ots  about  one  inch  scjnare  iu 
cross-: cetion.  After  cliillinrr  in  watiT,  these  introts  are  broken, aiul 
tile  [)ereent:io;e  of  carbon  is  deterTiiined  by  the  eye.  If  too  hii^h  in 
cailjon,  the  molten  mass  is  oxidiz(»d  still  more;  if  too  low,  iron  is 
adde(l. 

AVhen  the  desired  ])oint  is  reached,  ferro-mangant^se  or  some 
other  reearhonizer  is  thrown  into  the  bath,  the  furnace  bei  no;  tap|>t^i 
instantly  and  the  steel  permitted  to  run  into  the  ladle.  If  this  i^ 
not  performed  at  onee,  the  inauo;anese  will  become  oxidized  through 
the  intense  heat  of  the  flanu's  and  the  slacr. 

Bessemer  Process.  Although  there  are  two  kinds  of  Besse- 
mer steel,  the  ^'aeid''  and  the  ''basic,''  the  acid  process  is  the  ont* 
almost  alt()o;etluT  employed,  the  conditions  in  this  country  provin^^ 
adverse  to  the  basic.      In  a  nutshell,  the  Bessemer  process  consists 
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in  forcing  a  strong  blast  through  molten  pig  iron,  thus  oxidizing 
the  carbon  and  leaving  the  iron  free  from  the  same.  In  order  to 
rocarbonize  it  to  the  required  percentage,  ferro-manganese,  coal,  or 
Spiegel  is  added,  while  the  molten  iron  is  being  poured  into  the 
ladle. 

The  furnace  itself  consists  of  an  iron-covered,  brick-lined, 
pear-shaped  vessel  suspended  upon  standards  by  means  of  two 
trunnion  arms  attached  to  the  converter.  By  this  means  the  vessel 
can  be  rotated  almost  seven -eighths  of  a  revolution,  thus  permit- 
ting it  to  be  placed  horizontally  on  one  side  to  be  filled,  then  per- 
pendicularly or  vertically  to  be  blown,  horizontally  on  the  opposite 
Bide  to  be  emptied,  and  upside  down  to  permit  the  slag  to  run  out. 

The  charge  of  five  to  twenty  tons  of  molten  iron,  taken  either 
from  the  mixer  or  from  a  cupola,  being  introduced,  a  strong  blast 
of  air  of  fifteen  to  twenty  pounds'  pressure  per  square  inch  is  per- 
mitted to  rush  throucrh  one  of  the  trunnions  into  the  small  cham- 
ber  in  the  bottom  of  the  vessel.  From  here  it  makes  its  exit  into 
the  interior  of  the  vessel  through  the  numerous  small  holes  in  the 
false  bottom.  At  the  same  instant,  the  vessel  revolves  and  points 
its  mouth  upward.  Here  it  remains  for  several  minutes,  the  first 
four  or  five  minutes  witnessing  a  flame  of  light  yellowish-red 
color  and  a  shower  of  glittering  sparks.  During  this  stage  the 
nocombined  or  graphitic  carbon  passes  into  combined  form,  the 
silicon  being  oxidized  to  form  silica,  which  unites  with  ferrous  and 
manganous  oxides  to  form  slags.  Tliis  change  is  accompanied  by 
a  rapid  rise  of  temperature,  the  flames  becoming  brilliant,  large, 
and  of  a  very  dense  yellow  color.  The  metal  now  boils,  the  agita- 
tion being  due  to  the  formation  of  carbonic  oxide  from  the  oxidation 
of  the  iron  by  the  oxygen  of  the  blast.  During  this  stage  the 
pressure  of  the  blast  is  reduced. 

The  next  stage  in  the  pr(x*ess  is  signaled  by  the  pale  rosy 
hue  of  the  flame,  which  becomes  more  transparent  and  less  bril- 
liant,  together  with  the  small  numl>er  of  sparks  now  issuing  from 
the  vessel. 

These  are  signs  that  the  carbon  is  nearly  eliminated  and  the 
contents  of  the  vessel  almost  ready  for  the  last  steps.  When  the 
flame  drops,  the  vessel  is  at  once  turned  down,  and  the  blast  shut 
o£F.     Its  contents  are  then  poured  into  a  ladle;  and  at  the  same 
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time,  a  certain  percentage  of  Spiegel  or  ferro-manf^neae  is  aiMeJ, 
in  either  cold  or  liquid  etate,  to  recarbonize  the  metal  to  tlie  re- 
quired atiiouiit.  The  pliosphonia  and  eiilphur  in  the  steel  are 
practically  the  flame  as  in  the  iron  hefore  blowing,  the  silicon,  oar- 
bun  and  manganese  having  been  reduced. 

Qniokly  the  vessi-l  is  turned  over,  filled,  and  the  operation  re- 
peated; the  ladle  containing  the  molten  steel  being  lifted  by  the  liy- 
draulic  crane  over  a  set  of  moulds,  into  which  the  newly  made 
Bteel  is  poured.     As  soon  as  tillt^,  a  little  locomotive  carries  tlu- 


loni; 


Sbciarlng  the  Laree  Slabs  ot  ^rtcl  IVIillp  Kpd 

row  of  cars  upon  which  the  freshly  cast  stei.-l 


and  ilifir 
inlda  are  resting,  to  the  open  yard  beyond. 

After  the  moulds  have  fieen  lllleil  willi  the  molten  steel,  tliev 
are  taken  to  the  ''stripper,"  which  is  nsually  next  to  the  open 
hearth  or  Bessemer  buildings,  llere  the  cars  containing  the  mouliij 
are  run  under  a  large  electric  crane,  which  is  bo  constructed  that 
two  arms  fit  over  a  projection  on  each  side  of  the  mould.  As  llie 
mould  is  lifted,  a  central  ram  presses  upon  the  top  of  the  ingot, 
leaving  the  ingot  upon  the  car,  while  the  mould  is  picked  no  aad 
placed  upon  a  car  located  upon  the  next  track. 

From  here  the  red-but  ingots  are  taken  to  the  1 


the  heating  fi^^| 
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iiaces  of  a  plate  or  **blooming'*  mill,  where  they  are  heated  to  a 
higher  temperature  for  rolling.  When  of  the  proper  heat,  they  are 
lifted  out  of  the  large  furnaces  by  means  of  an  electric  crane  and 
are  carried  to  the  table. 

The  latest  method  of  transferring  the  ingots  from  the  soaking 
pits  to  the  rolls  is  by  lifting  them  one  at  a  time  from  the  furnaces, 
as  above  stated;  but  instead  of  carrying  them  to  the  rolls  by  the 
crane,  they  are  placed  on  end  on  a  specially  constructed  cast-iron 
car  operated  by  electricity.  The  car  is  then  run  to  the  end  of  the 
table,  where  a  lever  attached  to  the  rail  throws  the  boily  of  the  car 
towards  the  rolls,  the  ingot  falling  U{>on  the  table.  The  car  then 
returns  for  another  load. 

The  rolls  rotating,  the  ingot  is  advanced  towards  the  large  rolls 
through  which  it  is  to  pass.  Piaster  and  faster  revoh'e  the  small 
rolls,  carrying  the  heavy  solid  block  of  steel  towards  the  large  rolls. 
Through  these  it  goes,  throwing  its  scale  in  every  direction.  The 
ingot  having  reached  the  other  side  in  a  somewhat  flattened  condi- 
tion, the  engines  stop  and  reverse,  the  table  again  carrying  the  in- 
got between  the  rolls.  Backward  and  forward  it  passes,  each  pass 
reducing  its  shape  and  thickness  until  of  the  proper  dimensions, 
when  it  is  carried  between  the  powerful  teeth  of  the  shears  which 
cut  it  to  the  desired  lengths. 

If  billets  are  being  made,  they  are  conveyed  as  rapidly  »=> 
sheared,  by  means  of  an  endless  chain,  up  an  incline  to  the  top  ot 
the  bins.  Here  is  a  lontr,  narrow  platform  over  which  the  chain 
travels.  Along  the  side  of  the  platform  are  the  steel  bins,  with 
o-jites  at  both  ends.  The  l)ottoms  of  the  bins  slant  at  an  antde  of 
sixty. five  degrees  from  the  chain  to  the  ground.  The  billets,  be- 
ing carried  up  the  incline  and  along  the  narrow  platform,  conio 
in  contact  with  the  switch  or  upper  door  of  the  bin,  which 
opens  and  allows  them  to  enter.  One  after  another  they  go  tum- 
bling down;  and  when  the  bin  is  tilled,  that  gate  is  closed  and  the 
door  of  the  next  bin  opened.  When  the  billets  have  cooled,  the 
lower  gates  are  opened,  and  the  billets  fall  into  the  cars  beneath. 
Thus  the  steel  is  made,  taken  from  the  moulds,  heate<l.  rolletl,  cut 
and  loaded,  without  the  actual  touch  of  man. 
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In  tile  tini?bing  proces?  in  tht*  nia^'hinf  ?hop,  there  his  b 
a  wuiHlerful  dewlopinent,  diirinjT  the  |.»ast  few  years,  in  the  rapid:: v 
with  vvhirh  metal  can  Ik*  rem* » veil,  as  well  as  in  the  character  of 
the  surfaces  obtaineil.  For  many  years,  tixils  made  fp.»m  cast 
steel,  crucible  steel,  or  tool  steel  lall  these  yanies  referrintT  to  stcrrl 
of  practically  1  per  cent  carbon*,  were  the  only  tools  that  coald 
be  employed  in  the  machine  shop  for  the  removal  of  metal.  The 
i^ood  old  tem Jeered  steel  tool  did  its  work  well,  and,  in  spite  of  the 
development  of  other  steels,  it  has  not  by  any  means  lieen  entirely 
su])erseded.  One  of  the  great  advantatres  of  the  olii  carbon  tCNuI 
sttvl  is  that  its  manufacture  and  use  have  covt-reii  so  I«»nij  a  p^friijii 
of  time  that  the  quality  of  the  steel  in  the  b»ar,  and  the  results^ 
obtaineil  by  the  shop  smiths,  have  become  very  unifonu. 

Tungsten  Steel.  Tlie  tirst  indication  of  improvement  on 
carbon  tool  steel,  in  the  line  of  ability  to  -stand  punishment", 
was  the  introduction  of  tlie  so-called  "Musbet"  steel,  some  lifteen 
or  twenty  years  ago.  This  was  a  steel  containing,  in  addition  to 
the  elements  usually  found  in  tool  steid,  a  certain  fiercentage  of 
tungsten.  The  name  ••  Mushet "  was  applie«l  to  the  steel  on  account 
of  the  fact  that  R.  Mushet  of  Sheffield,  Enirland.  was  the  rmjst 
]»rominent  manufacturer  of  this  grade.  Tunirsten  steel  has  sev- 
eral j)eculiaritie8  that  distinguish  it  from  carVion  steel.  It  is  an 
extremely  hard  steel,  and  cannot  be  easily  for</ed.  It  has  the  fiecul- 
iar  pro|)erty  of  being  always  hard;  that  is,  when  heated  and  forged, 
it  resumes  its  hard  condition  after  slow  cooling.  Dipping  it  when 
at  a  red  heat,  in  water,  will  almost  invariably  cause  the  steel  to  tfy 
'H  jueces.  On  the  grinding  wheel,  tungsten  steel  shows  a  dull  re«l 
spark  entirely  different  from  the  spark  given  off  by  carbon  HnA 
steel.  Owing  to  its  permanently  hard  condition,  forging  and 
grinding  were  the  only  processes  by  which  to<ils  could  U-  ^hafled, 
and  consequently  this  steel  was  used  for  lathe  and  planer  totjU 
almost  exclusively.  During  recent  years,  methods  have  been 
found  for  annealing  tungsten  steel  to  a  limited  degree,  so  that  its 
use  is  no  longer  limited  by  its  bard  and  brittle  nature.  Another 
point  of  difference  that  calls  for  consideration  is  that  of  price. 
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meant  use  where  the  results  are  clearly  superior  to  those  obtained 
by  the  employment  of  the  cheaper  and  slower  working  steels. 

On  account  of  the  high  price  of  these  improved  grades,  it  has 
been  found  economical  to  use  the  steel  in  small  sections  which  can 
be  carried  in  a  case-hardened  mild -steel  holder.  Typical  examples 
are  shown  in  the  accompanying  illustrations.  While  these  holders 
are  very  handy,  and  certainly  save  large  amounts  of  costly  steel, 
still  they  cannot  be  made  as  rigid  as  a  solid  forged  tool;  and,  for 
the  very  heaviest  work,  a  tool  forged  from  the  solid  is  still  pre- 
ferred.    High-speed  steel,  however,  is  very  brittle,  and,  if  forged 

solid,  should  be  carried 
out  to  the  cutting  edge  in 
as  large  a  section  as  pos- 
sible. If  used  in  a  holder, 
it  must  be  supported  very 
nearly  out  to  the  cutting 
edije. 
Holders  for  this  costly  steel  usually  provide  means  of  clamp- 
ing by  a  set  screw.  Some  method  of  doing  away  with  the  vibra- 
tion inse])arable  from  a  screw  is  desired;  and  it  has  been  suggested 
and  proven  to  be  good  practice  to  solder  or  braze  small  pieces  of 
higli-s])eed   steel  onto  soft -steel   shanks.     This  has  in   many  cases 

T)rove(l  very  satisfactory. 
It  • 


OrrsET  Tool  Holder  (Left  Hand). 


There  have  been  so  many  extra vatrant 


Offset  Tool  Holdek  (Right  Hand). 


The  Test  of  Results 

chiinis  made  in  reiraid  to 
results  alle<*"ed  to  be  ac- 
eoiii])lishe(l  1)V  the  use  of 
hi^li- speed  steel,  tliat 
many  inei)  have  eonclu(hMl 
that  this   steel   eoiild    not 

possibly  fnltill  them.  As  a  matter  of  fact,  in  many  cases  cited,  it 
cannot.  Actual  results,  however— sufficient  to  establish  the  econ- 
omy of  these  steels^ — can  be  obtained  in  abundance,  and  a  few 
general  figures  on  relative  s|)eeds  may  ])rove  of  value.  With  ordi- 
nary carbon-steel  tools,  an  average  tigure  for  the  cutting  s{)eed  wonld 
be  about  20  feet  per  minute  for  mild  steel,  30  feet  per  minute  for 
wrought  iron,  and  40  feet  per  minute  for  cast  iron.  These  fig- 
ures, of  course,  are  merely  approximate,  but  they  fairly  represent 
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average  practice.  By  the  use  of  tungsteti  steel,  the  speed  for  rongh- 
iiig  cuts  was  increased  nbout  fifty  percent,  while  heavier  cuts,  also, 
coTild  at  the  same  time  be  taken.  The  later  high-speed  steels,  how- 
ever, show  great  improvement  over  these  figures,  tlie  speed  for  rough- 
ing cuts  being  increased  to  about  50  feet  a  minute  for  mild  steel 
and  wrought  iron,  and  75  to  SO  feet  per  minute  for  east  iron.  Fin- 
ishing cuts,  especially  for  uiiM  steel,  tan  be  taken  at  rates  which 
appear  to  be  little  short  of  marvellous,  a  speed  of  from  l.")0  feet  to  200 
feet  per  miiuite  being  not  uncommon  in  the  finishing  of  mild  steel. 
One  of  the  j)eculiar  things  connected  with  the  development 
of  high-speed  steel,  has  been  the  simultaneous  development  of 
grinding.     The  prtx-ess  of  grinding  has  no  jilace  in  this  article, 


but  it  may  be  noted  that  the  high-sjieed  steels  are  being  extensively 
used  for  ronghing  cuts,  while  the  finish  is  obtained  by  grinding. 
Ab  an  instance  of  work  of  this  character  might  be  citeil  the  turn- 
ing of  cast  iron  at  a  cutting  sin-ed  of  75  feet  jter  minute— depth  of 
cut  ^  inch,  with  a  feed  of  ^  iiieh  \>er  revolution,  leaving  ^'j  inch 
over  the  correct  size  at  the  bottom  of  the  groove.  The  finish 
obtained  by  grinding  is  BU[vrior  to,  and  more  rapid  than,  that 
uecnred  by  fine  turning,  filing,  ainl  ]M»lishiiin. 


Peujile  havelH-eome  diseoni-aged  in  sc 
disgii«ted--  with  high-4[)e(Hl  ^twl,  im  mvouu 
tendency  of  human  nature  to  wish  ti)  get  i 
Tiiereare  many  brandtt  of  this  steel,  and  ihi 
es[)ecially  as  far  as  the  hfat  treatment  is  eoj 
Ous  HH  the  steels  thenirtelves.      Nearly  "H  sti-e 


me  instances,  jKwsibly. 
.  iif  the  oft -prevailing 
oniething  for  nothing. 
methwts  (if  working. 
tvrned,  are  as  nniiu-r- 
salesmen,  even  if  they 


tOu  liat  im  loMviiig  u  smiijile  uf  their  stetrl,  »rt>  perfectly  will- 

ing >  wi;  and  tlm  result  is  the   tool  room   eoim  aojuin^s  ■ 

c^ilk"  fruni  whidi  the  identifying  iimrks  are  nliiiost  snre  lo  be 

ri'iipon  there  is  trorible  for  ihe  tdol  dresser  and  the 
ma  :     It  JH  titit  intended  hy  this  tu  advisu  the  c^xclueion  af 

iWVf  inftterials  and  processes,  lint  more  particularly  to  reconnneud 
ki-oping  tfie  exjHTi mental  and  the  i-ommercial  enda  of  one's 
biiftineaa  Bt?parate  and  distinct  from  each  other  It  is  well  totn 
thoroughly  nil  briinda  of  steel  offerwi;  but  it  is  not  wise  to  have 
more  than  one  braud  for  shop  use. 

The  steel  salesman,  also,  in  numerous  instances,  is  inclined  lo 
make  claims  for  his  particular  brand,  which  claims,  in  manycase«, 
cannot  he  substantiated.  This  does  uot  imply  that  the  results  will 
not  show  a  distinct  advantage  over  the  old  carbon  steels.  Thu 
purchaser  should  not  exjiect  to  obtain  results  fully  e(]ual  to  those 
claimefi  by  the  agent,  the  claims  of  the  salesman  being  generallj 
based  on  short  laboratory  testa,  aitd  sometimes,  it  is  to  be  fean^l. 
colored  to  suit  the  pmaj)ective  purchaser.  If  a  subslaatial  saving 
in  time  can  lie  made,  tliere  is  economy  iu  the  use  of  high-sjiwd 
etcel,  and  the  fact  that  still  better  results  than  this  are  claime<]> 
does  uot  prove  that  its  use  is  uot  economical. 

Tliere  is  !iii  economy  in  the  uao  of  ihia  steel,  which,  wliilu  il 
may  be  attributed  to  the  material,  is  iu  a  sense  iiot  directly  con- 
cerned with  its  use.  It  is  a  well-known  fact  that  so  simple  i 
matter  as  speeding  up  the  shafting  has  a  tendency  to  quicken  the 
life  of  the  whole  shop.  This  is  true  not  only  as  regards  the  actual 
output  of  the  machines;  but  it  also  actually  quickens  the  physical 
movements  and  mental  grasp  of  the  workmen  themselves. 

In  a  recent  address  befoi-e  an  engineering  society,  a  speaker 
used  this  expression,  "High-speed  steel  is  developing  liigh-sjieed 
machinists."  This  reuiark  is  strictly  true;  and,  although  the  intro- 
duction of  this  steel  will  be  opposed  by  the  slothful  workman,  its  in- 
fluence upon  the  great  majority  of  men  will  be  distinctly  beneficial. 

To  sum  np  in  a  word,  the  economy  of  high-speed  steel  may 
lie  said  to  comprise  saving  of  time  iu  the  machine  operation; 
better  mechanical  results,  especially  if  we  include  the  simultaneous 
development  of  grinding;  and  finally— perhaps  the  most  important 
of  all^the  quickening,  physically  and  mentally,  of  the  workman. 
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It  is  only  irithin  ■  fev  yeais  that  •mhax  »  now  nguded  as 

proper  attention  to  lighting  has  been  considend  in  tbe  Aea^  *iid 

COu&trnctioa  of  faetorr  Iniildtngs.     Fuihiui1t>  a  ^"f  setaaeA  to  he 

I  deeigned  more  to  protect  the  tools  and  Btateriiis  from  Ae  weubcr. 

[  than  to  afford  anr  di^ree  of  eonvieaMBce  or  cxmiKavt  for  tfae  vocfc- 

n.     It  is  now  rea^pit-<i  as  good  ImBiotss  poller  (in  oth^r  wtwd^ 


it  pays)  to  provide  buildings  whit'L  are  properly  ht^ated,  light»Hl, 
and  Tentilated.  In  such  buildiiigB,  at  baa  been  found  that  work- 
men are  more  content,  do  better  work,  and  pro<lnee  niorit.  Kmtn 
the  oid-fasbioned  blacksmith  shop,  in  M'hich  each  smith  waH  tiiip- 
posed  to  work  by  the  light  of  his  own  lire,  it  is  u  fur  i-ry  to  shopM 
each  as  those  of  the  Xational  ('ash  Register  Compfiny  at  Dnyluii, 
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Ohio,  ill  which  the  comfort  and  conveiiii^nee  of  the  eiiiployees  liaB 
'  been  given  a  degree  of  attention  tliat  seems  to  the  old  shop  man. 
'  Agers  to  partake  of  the  nature  of  coddling. 

DISTRIBUTION  OF  SUNLIGHT. 
In  considering  this  queatiun  of  lighting,  it  is  well  understood 
I  UiHt  daylight  ia  the  Iwat  light,  esiKKrially  when  it  is  not  accom- 
panied by  the  direct  rays  of  the  sun.     To  properly  distribute  day. 
light — which  is,  of  course,  the  cheapest  light — over  large  areas,  ia 
the  first  problem  to  be  considered  in  the  design  of  new  shop  build- 


This  may  be  accomplished  in  a  number  of  ways.  Where 
f  bnildingfl  are  several  stories  in  height,  and  where  light,  except  in 
,  &o  npjier  story,  must  be  admitted  from  side  windows,  those  win- 
I  dows  should  reach  from  the  top  of  the  bench  to  the  ceiling.  A 
I  given  amount  of  glass  arranged  in  this  manner  gives  a  much 
I  better  general  distribution  of  light  than  the  same  amount  of 
i  put  into  the  ordinary  form  of  short  windows.  The  amount 
I  of  light  in  the  center  of  the  room  depends  very  largely  upon  the 
Kbi^t  of  the  windows  at  the  side.     All  modern  factory  buildings 
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are  now  lighted  by  long,  narrow  windows.  The  common  type  of 
shop,  consiBting  of  an  open  Hoor  with  a  gallery  on  both  sideB,  is 
Qsually  lighted,  iu  addition  to  the  tall  side  windows,  by  glass  in 
the  sides  of  the  monitor  roof.  It  these  monitor  windows  are  kept 
clean,  they  add  greatly  to  the  light  of  the  main  floor. 

The  best  system  of  roof  lighting  is  by  means  of  what  is  termed 
a  "saw-tooth"  roof,  the  short  and  comparatively  steep  side  of  the 
tooth  being  composed  wholly  of  glass.  Tliis  glass  should  fat-e  as 
nearly  north  as  possible,  in  order  to  avoid  the  direct  sunlight.  In 
this  connection,  it  will  be 
remembered  how  the  work- 
men of  the  old  school,  es- 
jieciallyif  employed  on  work 
requiring  close  appli«^tion. 
always  selected  a  north  win- 
dow, even  if  the  view  there- 
from was  not  so  pleasing  as 
that  from  some  other  point 
of  the  compass.  This  saw- 
tooth roof  may  be  used  on 
the  top  of  SL  monitor  in  place 
of  side  windows,  and  it  re- 
sults in  a  mucli  Wtterlight- 

..,1   H...... 

IVELSBAfll 

(li  sUveml  t!l:i:.<  rrilr,r..r,  (Hd     shops,     in    which    A 

clijini;;e  iti  amount  or  loca- 
II  have  their  light  increased  in 
,  jiKlicious  arrangement  of  ma- 
j  (111'  walls  and  ceilings  as  nearly 
sli  is  so  cheap  and  so  easily  aji- 
id.-;,  that  there  is  little  or  no  excuse 
sh  can  easily  be  made  su 
that  it  will  not  remlily  rub  otF.  in  fact,  so  that  it  can  be  washed; 
but  in  most  cases  a  fn-sii  application  is  prefenible  to  cleaning 
The  removal  of  all  possible  belting  (which  can  be  accoinplisheii 
by  electric  driving,  either  individuallv  or  by  the  group  system) 
adds  largely  to  the  lighting  effect,  and  also,  by  the  suppression 
of  dust  and  flying  oil,  keeps    the  walls   and    ceilings   iu    much 


tion  of  glass  an-a  is  impossilil 
amount  and  Ijctter  distrihiited 
chines,  and.  pa rlic-itlarlv.bvke, 
jmre  while  as  pussil.le.'  Whi 
plied  by  modern  pneumatic  metlui 
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better  condition.  Some  factories  carry  this  whitening  eflFect  to 
the  point  of  having  the  machine  tools  painted  white  and  var- 
nished. This  not  only  avoids  dark  spots  in  the  room,  but  shows 
plainly  any  neglect  of  machinery.  In  a  shop  equipped  in  this 
manner,  the  dirty  and  slothful  workman  is  entirely  out  of  place, 
and  he  usually  changes  his  habits  or  seeks  some  other  shop  where 
his  natural  conditions  prevail. 

ARTIFICIAL  LIGHTING. 

Artificial  lighting,  which  is  usually  required  in  northern  lati- 
tudes, may  be  divided  into  three  classes:  General  lighting,  in- 
dividual lights,  and  jx)rtable  lights. 

Lighting  by  candles,  except  in  some  cases  of  portable  lights, 
has  entirely  disappeared;  but  many  country  shops  still  have  to  de- 
pend upon  oil  as  an  illuminant.  In  such  cases,  large  lamps  of  the 
Argand  type  are  suspended  from  the  ceiling  for  general  illumi- 
nation, and  small  flat-wick  lamps,  preferably  on  swinging  wall 
brackets,  are  used  for  the  individual.  The  quality  of  this  illumi- 
nation depends,  first,  upon  the  care  of  the  lamps,  and,  second,  up- 
on the  quality  of  the  oil.  Oil  lights  at  best  are  dirty  and  entail 
a  large  amount  of  labor.  They  are  objectionable  in  that  they 
must  be  kept  from  draughts  of  air,  which  smoke  the  chimneys, 
and  thus  the  shop  is  often  deprived  of  proper  ventilation. 

(las  is  more  frequently  used  for  shop  lighting  than  any  other 
artificial  illuminant.  It  may  be  classed  under  the  heads  of  oil  gas, 
coal  gas,  natural  gas,  and  acetylene.  For  the  isolated  shop,  oil  gas 
and  acetylene  are  particularly  adapted,  as  such  gas  plants  are  easily 
installed  and  require  but  little  attention.  In  every  case,  the  gas 
plant  should  be  entirely  separate  from  the  factory  building,  and 
preferably  under  ground.  While  acetylene  furnishes  a  light 
almost  ideal  in  character,  it  is  particularly  poisonous,  although  leak- 
age is  readily  detected  by  its  odor.  A  more  serious  drawback  is 
that  this  gas  forms  violently  explosive  compounds  when  mixed 
with  air  in  comparatively  small  proportions.  Many  serious  and 
some  fatal  accidents  have  occurred  by  failure  to  realize  the  impor- 
tance of  this  fact.  These  installations  should  be  made  only  by 
those  thoroughly  familiar  with  the  subject,  and  their  use  must  be 
carefully  guarded. 
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Coal  gas  is  very  largely  oaed  for  shop  lightiDg.  oa  acconat  of 
ita  com  [larative  cheapness  and  the  fact  that,  even  in  small  cities,  it 
can  be  reailily  obtained.  As  it  is  also  need  in  many  shops  for  ht«t- 
;ng,  in  connection  with  the  BunseD  burner  and  biowpipe,  it  served 
a  (liinliUt  function  wliich  renders  it  peculiarly  adapted  for  factory 
piir|HiM'M,  The  ordinary  ojM'ti  Hxh-tail  burner,  coDsntuiog  abont 
Hix  cnbic  fwt  jmt  hour,  in  the  tyjw  of  burner  generally  used.  This 
light  tH  (ibjei,'tiuiiHbl(MinHiv(>unt  of  the  fact  that  it  vitiates  the  air; 
lliix,  in  tho  winter  luonthti  when  the  windows  are  closed,  beconies 
a  Heriuiis  matter,  and  cttlls  for  largely  increased  ventilation.  The 
light  IlickerH,  even  in  ntilt  air,  whicii  makes  it  very  trying  to  one's 
eycM  when  engngeti  on  fine  work,  and  this  difficulty  is  further  in- 
creased by  currents  of  air  caused  by  open 
windows  or  moving  belts. 

THE  WELSBACH  BURNER. 

Ordinary  illuminating  gas  used  in 
iMiiinecliun  witha  Welsbach  burner,  fnr- 
ninhes  a  very  steady  light  with  about 
iine-hiilf  the  gaa  consumption  necessary 
for  the  open  light.  The  Welsbach  light 
iM  l«-ntsTiiled  for  general  lighting,  where 
twd  (ir  iiKire  burners  are  contained  in  the 
s;inii'  glolie  and  suspended  from  the  ceil- 
ing;. .\h  an  individual  light,  the  Wels- 
Ii;ii-li  is  nut  in  great  favor,  on  account  of 
iisi;liawtly  color  combined  with  a  faint 
liii^c  of  green,  which  renders  it  objec- 
lit)iiiil)lt>  to  many  workmen.  The  inau- 
"  tie  iise.1  iTi  the  Welsbach  light  is  ex- 
trviiielv  fragile,  mid  it  is  quickly  pnt 
Iiv  sliiickrt.  viliratioii,  and  air  currents.  For 
.)t  so  well  suileil  for  use  in  the  aliop  as  it  ia  for 
irposes.  The  Welshach  light,  however,  is  not  depend- 
itinatiiig  ijualiry  of  the  gas,  but  upon  the  incau- 
dcBceiice  of  the  manrie,  which  may  Ik*  prwluced  by  any  form  of 
fuel  gas  without  the  enriching  nwvssary  to  make  it  suitable  for 
use  in  an  open  burner.     Natural  gas,  therefore,  which  is  need  tor 
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heating  in  many  sections  of  die  cuhdut.  <»a  abo  he  maed  inr  Bat- 
ing if  employed  id  the  Welslnch  buroer.     As  this  pa  kinj 

(.'heap,  it  often  pays  to  use  ii  in  this  x 


•I  I 
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s*rib  -Hr  i,u,nr.   Myu  a. 

ELECTRIC  UOKTINO. 

Elevtrio  lightiog  is  rapidly  Ijeiiif^  iulnnlui-*^  for  uliop  piir- 

ftposes,  eepeuially  when   the  turrent   i*  geinrntwd   in   lli«   fivUiry, 

tThe  arc  light  is  commonly  used  fur  gene ral  illuiniiiMtioii,  and  lln' 

I iDcaDdescent  light  for  the  iodividnal.     The  ojo-n  urn  1i|jlil  ia  lioliig 

lapplanted  by  the  enclosed  arc,  with  a  diatinct  f(arn  in  Mcoiioitiy 
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and  safety.  The  open  arc,  even  with  the  best  qtiality  of  carbon, 
ia  somewhat  noisy,  and  is  subject  to  disagreeable  flickering,  while 
the  falling  of  pieces  of  incandescent  carbon,  is  not  only  annoying, 
but  dangerous.  The  enclosed  arc  light  requires  less  frequent  trim- 
ming, is  more  steady,  and  owing  to  the  fact  that  it  is  enclosed,  It 
absolutely  prevents  danger  from  falling  particles  of  carbon.     Arc 


lights  for  gcniTiil  illuiiiinatioii  are  usually  in  the  vicinity  of  1,200 
candle-pottiT. 

Tlie  ll)-(-;iiidle-jiowcr  incandescent  lamp  is  generally  used  for 
individual  light  ;  lint  tlu^  ^-vandU'-powi-r  lamp,  with  a  suitable  re- 
flector, is  less  dazzling  and  furnishes  all  the  light  necessary.     The 
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Bysteiii  mlopted  in  some 
drafting  rooms,  of  using  an 
inverted  arc — that  is,  one 
with  the  cratiT  in  the  lower 
carlxJii — Gombinet)  with  a 
r"fleftwr  to  throw  the  liij;lLt 
directly  to  the  t«>iliiig,  re- 
snks  in  a  iiniFormly  dif- 
fnsej  li|u;ht.  This  avoids 
the  sharp  shadows  cast  by 
the  direct  light  from  the 
arc.  and  has  irinch  to  rec- 
onimeDd  it  as  a  ehop  iifjht, 
especially  if  the  ceilings 
and  walla  are  kejit  wliite. 
There  ai-e  several  styles 
of  fixtures  used  in  counei;. 
lion  with  the  iucaudescent 
light  to  place  the  lamp  in 
anydesinil  [Kisition,  as  the 

ordinary  drop  light  is  very  iuconvenieut  in  this  [Mirticuhir.     The 
\Vhitf  lixture,  with  its  ball-and-aocket  joint,  is  one  of  the  best. 

In  connection  with  the  ciueation  of  electric  lighting,  the  necea. 
sity  i.if  itmiiilaiiiiiii;  a  coiirtfjiiit  voltage  is  one  that  is  not  giveti  the 
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atteotioii  it  deserves.  It  is  almost  irii|yjs8ible  tu  stwurtj  satisfacto 
lighting  from  a  geimrator  driFBU  by  tha  main  engine,  and  tliis  | 
especially  Inie  if  ele^'tric  cranes  are  also  opR-rated  from  this  geD«i| 
alor.  In  tlie  Iwat  practice  it  is  considered  necessary  to  bavel 
sefiarate  engine  and  generator  to  tw  used  solely  for  the  lighlii^ 
ajsteni.  A  generator  driven  by  the  main  engine  ia  fnnod  satiif 
factory  fnr  iTann  service. 
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The  Cooper  Hewitt  Light.  The  Coojkt  Hewitt  mercury  vapi 
lamp  is  the  cheajtest  form  of  elwtric  lighting,  and  will  nndoulH 
ed!y  be  the  commercial  tight  for  factory  use,  es^teciully  in  sliu^ 
doing  a  fine  clasa  of  work.  The  color  of  this  light,  dtie  to  tl 
total  absence  of  I'ed  rays,  is  objectionable  but  not  iajiin'ons;  an 
further  experiments  will  undoubtedly  produce  a  light  based  d 
this  principle  which  will  meet  many  reqiiirements 

For  portable  lighting,  there  ie  nothing  at  present  superior  U 
the  incandescent  lamp,  for,  by  ineans  of  u  lung  Qexihle  cord,  I 
can  be  taken  to  any  position.  The  incandescent  lamp,  ftirnislu 
with  a  magnetic  base,  can  be  atlat^hi'd  to  any  iron  or  steel  b 
where  it  will  remain  until  the  light  is  extinguished.  For  erectigj 
work,  particularly,  this  type  of  lump  is  peculiarly  adapted. 


CUTTER    e    IN,     DIASIETBR.    SFBBD    *0    FEBT    PER     MINOTE. 


tUTTER    a,-IN.    DIAKETEB.    SPEED    83    FBBT    PBB    MIBUTB. 

EiAicplea  ut  Plniu  MUllSR. 
dnclannU  Mllllag  Mnrhlne  Co. 


THE  VERTICAL  MILLING  MACHINE 


^H  Amotic  the  many  new  inafhiLiee  that  Iiave  been  built  and  put 
^Bp  tlte  market  within  the  last  decade  and  a  half,  vre  doubt  if  &nj 
^^Ls  become  more  indispeneahle  to  the  manufacturer  of  machinery 
^K  evi'ry  desiTi[itinn  than  ihe  Vertifal  Milling  Marliiiie.  Its 
^^tdvanlafrea  over  even  tbn  hil-  |^ — ■= — .— 
est  degigns  of  tlie  horizoht'tl     ^r  |    1 


8.  luserUHlTimUi  Tuoi. 

B  are  now  univerBallv  recognized  for  many  classes  of  niunnfac- 
mred  work,  l-'or  (inieliiug  eurfaces^nsiially  done  on  the  planer 
ir  flbaper  or  in  the  lathe — Ibe  vertical  milling  machine  fills  a  |)lacB 
I  general  nianiifacturiiig  jilanta  with  ulieoliite  dUcceHS.  .  Fur  cir- 
cular or  straight  work,  for  linisbing  eurfaces  both  horizontal  and 
vertical  that  are  either  ditlicult  ur  itn]K>ssibIe  to  get  at  with  lathe  or 
planer,  the  vertical  machine  has  no  equal.  It  is  imjioasibte  to  ex- 
aggeralw  its  utility  ae  an  economizer  of  labor  and  as  a  producer  of 
work  impossible  to  perform  with  other  tiwls. 
^H       In  Fig,  2 13  bIiowii  a  twelre^inch  inserU-d-loolh  rai.-e  mill,  rough- 

tz 
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aaing  cntters  of  tilts  kind  od  u  vi-Tticnl  uiscbirm.  The  ciitteru 
(itt^d  to  the  nos«  of  the  spindle  whicti  eecurtia  great  rigidity.  Its 
economy  over  a  planer  in  tliis  class  of  work  is  from  three  (andi'Fcn 
more)  to  cue;  andif  tlie  parte  have  tobs  scrapt-d  to  a  lit  or  &  liiiisb, 
the  labor  is  reiliiced  in  like  proportion. 

Ou  tliu  other  band,  if  it  ts  necessary  to  cut  into  Uiw  recMa  in 
the  center  of  t!ie  cnplin;;,  a  ciUtcr  similar  to  tbut  shown   iu  Fig.  3 


ard  jolH 


could  be  used.     This  stylo  of  tool  on  a  vertlonl  milling  mncliiq 
what  might  be  called  a  "universal  cutter,"  or  "eiid-and-alde" 
and  Fig.  S  ehows  how  it  is  used  on  what  would  be  an  awkward  jol 
to  do  on  the  pliuier.     It  matters  not  whether  the  end  of  iho  tabh) 
to  be  milled  is  one  or  six  inches  thick;  al  the  luwe»t  estimatujj 
the  planer  ia  the  loser,  three  to  one.     If,  for  instance,  the  | 
comparatively  short,  and  reijuii-es  hnishing  on  both  ends,  no  B 
of  tools  ia  necessary,  the  table  being  simply  moved    along  i 
thd  other  end  of  the  pieoeis  in  [>osition  to  he  milled  to  ita  prf 
dimensions. 

Tile  advantage   ou  small    pieces,  as  shown  in  i'ig.  i,  i«  i 
feat;  and  the  same  style  of  cutter,  if  used  aa  a  combined  e 
side  mill,  will  da  more  in  one  hour  than  conid  Iw  accompliEheC 
a  shaper  iu  eix  hours.     This  class  of  work  as  a  rule  useis  up  mq 
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iiiachineB  that  could  be  t 
d  larger  work;  while  the  bet  A^  A*  ■ 
dng  on  either  side  or  t 


n  machine  Etiop?.     'i\ti  work  i»  nnu*llj  ih,iw  \iy  U*ui\,  ni , 
qatred  to  be  of  a  better  6oL»b,  is  ewmttr-UrrM.     Tulw  /or 


VERTICAL  MILLmO  MACHTNE 


infliance  ti  bracket,  aa  shown  in  Fig.  5,  with  epotB  to  be  fiuieb^d 
on  both  ends,  on  the  inside,  at  different  levels  and  at  right  angles 
with  each  other — a  difftcnit  subject  to  handle  by  any  method  other 
than  the  nse  of  a  vertical  iiiilHiig  machine.  Tliis  class  ol  work 
can  be  done  at  an  economy  of  four  to  one  over  any  other  methoj, 
with  a  saving  of  time  on  all  subseqaent  operations;  and  it  alwi 
insures  all  enrfacea  being  ]>arallel  or  eqaare  with  each  other,  witli- 
out  changing  the  Betting  of  the  work. 

On  the  piece  shown  in  Fifj.  0,  the  same  style  of  cutter  could 
be  nsed  for  finishing  spots  on  the  inside  surface  of  a  casting,  or  for 
tiuishing  the   top  edge  of  the  casting,  or  thutoj)  and  sides  of  the 


Pig.  la   tanular  Beret  1 


plate,  by  which  it  is   fitsteued  to  the  niacliine.     In   the  hands 
skiUfnl  workman,  even  the  outside  irregular  surface  conld  be 
tinished  with  an  economy  over  any  other  method,  of  teu  to  one> 

The  universal  use  of  the  end-and-side  mill  in  the  vertical 
ing  machine  is  strikingly  shown  in  Fig.  7.  where  one  ia  nsed  In 
finishing  a  horizontal  pbtno  surface  and  the  vertical  segment  of  an 
arc,  at  one  operation  and  in  one-tenth  of  t!ie  time  required  iu  « 
lathe.  An  end-and-side  mill  should asaritle  be  made  with  spceisl 
fintes;  and,  if  over  one  and  one-half  inches  in  diameter,  it  woulii 
be  of  advantage  to  have  the  teeth  nicked  to  break  np  tho  chip. 

Two  examples  of  angular  milliug  are  shown  in  Figs.  8  and  9; 


I  and  in  each  case  it  but  W9 
Ito  t>ti  milled,  and  & 
I  takea  care  of,  first  bj  tike 
L  ing  oil  tbd  table  in  Fig. 
I  and  then  the  angniar  or  dorv- 
I  tail   mill   is  eabetitnted, 
tliu  under-cnt  is  made.     Ou- 
cHii   readily  see  that  tbem  is, 
no  end   to  the  work  of  this 
kind  that  can  be  done — si--: 
ting  in  places  absolatrlv  :- 
accessible  to  ordinarj-  me::, 
oda;  under-cntting  and  bpv-'. 
or  dovetail  work  Id  stra:t;:i! 
line  or  circle;  and  ineide  j  r- 
file  work,  either  free-hao'i  ■■- 
by  the  nee  of  profile  pait^r' 
Some  of  tijis  vii'- 

done    by   no   uiij--  ,  _  -___-^^ 

^etboil    on    a  madiine,  aij  ;. 

[ptJl    the  advent  of    tbe  vertical  milling  m^-liSny^  ^^^  d«^  W 
md.     The  saving  in  time  onfincb  vork  villc*"       * 
the  J 


lively  dkort  titne,  ]««  aXoott 
the  aceanej  cod  xmtmut  of 
the  work  performed. 

Fig.  10  ahowB  an  exftiti. 

pie  of  outside  and  inside  level 

cirt-nlar   milling;   and    tbe 

pi«-e   lying   on   the  pku-n 

sbowB  also  a  circnlar   re*-«B». 

done    by    tbe    end-and-iiiiie 

mill.      In   fact,  all  the  Hnl^b 

on   this   piece— top,   bottom, 

EJB^  o(  BJank.  inside,  and  outside— has  Uh-ii 

done  by  the  use  of  the  bevel  and  the  end-and-sido  mill,  on  a  iK)nt<r< 

driven  rotary  table,  at  a  saving  over  the  method  ot  turninjj  an  a 

lathe,  of  four-fifths  of  the  cost. 


6  VERTICAL  MILLING  MACHINB 

The  T-sIots  in  the  rotary  table  are  done  with  a  T-sIot  cntter, 
The  ball  cntter  used  in  connection  with  the  rotary  table  is  shown 
in  Fig.  11;  and  it  can  be  readily  seen  how  the  handle,  which  is  con- 
nected with  the  vertical  feed  of  the  head,  is  finished  by  the  use  of  a 
concave  mill.  By  using  a  universal  dividing  head,  all  the  usual 
work  done  on  the  horizontal  milling  machine  can  I>edone.  Fig.  12 
shows  the  method  of  cutting  the  slots  in  the  blank  for  an  inserted- 
tooth  cutter  to  be  useil  on  the  vertical  milling  machine. 

The  use  of  the  vertical  milling  machine  seems  to  be  growing 
more  and  more  in  favor  with  manufacturers  of  machiniTy  and  hard- 
ware sundries.  The  writer  has  in  mind  a  case  where  a  large  door- 
frame for  a  l>oiler  front  was  to  be  faced  off,  and  the  door  milled  to 
fit.  The  old  method  was  to  chip  and  file  until  the  fit  was  made, 
which  required  nearly  three  hours' labor  for  one  man.  .  By  the  use 
of  the  vertical  milling  machine  the  time  was  reduced  to  about 
twenty  minutes.  This  is  only  one  of  many  thousands  of  cases 
where  the  supremacy  of  this  machine  is  so  apparent  that  the  mauu- 
frtoturers  have  l>een  obliged  either  to  introduce  it  as  a  money  saver 
in  their  factories  or  to  continue  to  be  classed  as  behind  the  times. 
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I  intend  to  consider  the  subject  ••electric  motors  in  machine- 
shop  service"  from  the  stand|Kjint  of  the  shop  engineer,  whose  one 
thonght  is  economy  in  the  broadest  sense  of  the  word.  To  such  a 
man,  the  motor  is  but  a  single  detail  of  the  equipment — |H)ssibly 
one  of  the  most  imjx)rtant  details,  but  only  so  when  its  relation  to 
the  problem  as  a  whole,  is  understood.  The  development  of  alloy 
steels,  permitting  of  cutting  sj>eeds  from  two  to  four  times  as  great 
as  was  heretofore  f>ossible,  recpiiring,  in  many  instances,  machines 
of  new  design;  the  introduction  of  the  grinding  niachine,  which  is 
rapidly  replacing  the  lathe  for  much  linishing  work;  the  milling 
machine;  the  electric  motor  as  a  means  of  driving;  and  types  of 
management  to  assure  etHcieut  use  of  ecjuipment,  are  among  the 
most  important  factors  reipiiring  his  attention. 

The  manufacturers  of  electrical  apparatus  too  often  defeat  their 
own  ends  by  overenthusiasm.  or  rather,  by  extravatrant  claims  that 
they  cannot  possibly  substantiate.  There  is  no  use  trying  to  con- 
vince the  shop  engineer  that  the  words  ••  motive  drive"  are  synony- 
mous with  '•  low  cost,"  for  lie  knows  that  etHciency  attained  dejRMids 
upon  the  co.o|)eration  of  a  multitude  of  things,  and  primarily  the 
intelligence  with  which  the  ecjuipment  is  handled.  If,  however, 
the  possibilities  of  the  motor  drive  are  pr()[)erly  presented,  he  can 
appreciate  them  l)etter  than  any  one  else,  for  they  till  a  definite 
need,  the  importance  of  which  he  will  understand. 

It  is  not  necessary  to  dwell  upon  substantial  progress  recently 
made  in  shop  practice,  which  has  resulted,  in  many  instances,  in 
greatly  increased  output  with  conse(jutMit  reduction  in  cost.  I  shall 
consider  rather  what  is  needed  to  increase  efKcieiicv  in  the  averat^e 
shop,  where  it  is  still  extremely  low,  for  even  when  adecpiate  funds 
are  provided  for  the  purchase  of  new  eipiipment,  the  end  in  view 
is  often  defeated  through  lack  of  proper  insight  in  connection  with 
its  purchases,  installation,  and  use. 

At  the  same  time  electrical  manufacturers  have  not  made  the 
progress  that  would  have  been    the  case    had   tliey   possessed  a 

*Tttl8 paper  was  presented  before  the  lutematlonal  Electrical  (jongress  of  St.  Louis. 
1904,  by  Cbarles  Day  of  the  firm  of  Dodge  &  Day,  Engiueers,  I'hlladelphia.  Pa  :  and  is 
reprinted  by  special  permission. 
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tliiiraiigh  understanding  of  sliop  requirements.  Onr  experience 
has  bi'en  eonlined  largely  to  the  installation  and  operation  of  elec- 
trical equipment  under  working  conditions,  therefore  I  shall  treat 
thti  subject  from  this  side,  with  the  hope  that  I  may  bring  more 


lflfieli|ilii»if  j5  j 


niiifiu'turiTf!  tlic  conditions  they  must  meet, 
.'  aid  till-  ciistoiiier  in  specifying  his  require- 


dearly  licforc  tile  1 
and  ut  the  siiine  tii: 
inents  and  securing 

(ientTiiIly  t^pi'Jiliing,  tin' dwlrie  motor  (fitber  for  group  driving 
or  individual  operation  of  ijiacbines)   is  conceded  as  the  proper 
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means  of  power  distribuiioQ.     Mr  f*f*j^  '"'-^  'itAi  wrzL  lar-  §^>^ 
under  the  following  ht^dir^jT^: 

(1)  hiiop  Re«4Uireineat$^ 
('2)  Notes*  Coueemin:?  M«.»o>c-r*Tr^*  '^yittOiLiw 
(8)  Notes*  CoDceminz  I^iffentnt  3fA&ef  -xT  Ap 
(4)  General  Conelii^iott*. 

(I)  SHOP  REQiliflEnEXTSu 

ily  |>aper  will  i^nlv  |*rm,::  of  %  i^^i/rTki  'jtizli2»r  *Jt  ii»0^  eoo- 
siderations  Warincr  on  tbrr  §t;V'-^.:;  :ir-i^  ^rv  ill"L*3»r«s*i  :i  Yvg,,  L 
Each  factor  mn^t  \j>c  careful: v  *^>cjr>irrf*:«i  *i?L  Tririi  trhaiin^  tbr 
subject  generally,  certain  iS:?r;r:ii^:::-L5  zuyirr.  For  -riArsLfir.  -M-e  are- 
justified  in  assumintr  that  tL»r  ^j»r-'  :.>--^  rtr>rl  rL-vil*:  :j»r  vL-^rd  ar^ 
desitrn  accordincjlv.  whiitr  crar:«e  =«rrr!or  *::-i  :Tr#r  of  TrorfcB&»rti  arv. 
on  the  other  hand,  matter?  •i^rrirrL.-iLr.^  oc  •rlAK?  of  -work  \AiMtsA 
and  local  conditions. 

An  intimate  knowIe»icr*f  •A  r?L'^:.  i-T^r/.-'y:  :•  ';*:>-  a^  !i«^!»;SKsarv 
to  the  designer  of  elect ncal  a:.^4ir^::i*  f»:r  rr.^rL-'.^r '/r^W*// a*  to 
the  builder  of  the  machine,  atd.  tL:>  fr*r» ;:;-:*:>#"  'j-^y.-Tilt  t/>  .%tKrir 
the  direct  bearincj  of  the  varlo::-  f»<9r-;rv-  of  :-V4:,A^/Trn^rit  and 
methods  upon  a  sincrje  factor,  st;*::.  s.r  ::.-  ••:--  ".ryirr  ^:orir':d»fratiofi. 
the  most  useful  condusiofi?  cs*:.  '•-  '^r^-^:.  f,:..\  '^v  tr.'^/r^r  familiar 
with  the  subject  in  detail.  Ir:-{.r>v^i  rv-v:r.r  of  :r.a:.afr*rfn*ffjt  an, 
doing  much  to  assure  prop»rr  v.^  •>:  rp :/:::.-:.:.  *'^',:  in  any  event 
the  need  of  explanation  in  cori:ir»::lo:.  •A'ith  ;•-;  o^^r^rlou  should  U- 
eliminated  to  as  great  ade<£r»r»r  a-  :•  j#r*T''''>-.  Iri  other  word*,  ap- 
paratus should  primarily  Ije  d^nrit::.-*:  :»^  rriv-  -a::-fa/rtory  reftultn  in 
the  bands  of  average  worker^.  WL^-r^  :•-  adjfi-trn»''it  and  manip- 
ulation isde|iendent  ujion  tiie  ofi^-rator.  hr  r/iri^t  r^-  fiiiiy '•on.-idere<i 

1.  The  worrtu  ••  iiiafhine"  and  "\f**f\."  a-  'i-*:*!  iri  i.-^^ririe^rtion  witli 
machine-shop  work,  are  \er>'  frfc*t»ieritiy  aiijr,ij^»io»j-.  I  will  ii-e  them  in 
the  following  8en*«e :  Morhioe.—lftunitutu  .**UiijdapJ  Dictionary  .  Any 
combination  of  inanimate  nieirhani.^rn  Utr  utHizihfj  *>t  ajpplyiufj  jt^^wer.  A 
c«)n»truction  for  meehanir-al  |ir«^liJction  or  fiK^JIfication.  Kxample 
LatheH,  pneumatic  dri  11;^.  |M>wer  jrheani.  et«r.  Machine  ^'W.— ThiH  term  ii» 
often  confusing  an«J  nee«l  not  \re  u«e'l  in  prey^nl  pa|>er.  ro^y/.— I>efiuition 
(Standard  Dictionarj-  .  A  hao^/  uiytrvinfut.  Not  a  iiie<--hani»m.  I'sed 
directly  for  production.     p:xaiiiplej».--<'hirel.  hainiiier,  ^aw.  etc. 

Tools  for  removinjr  metaU  will  he  furllier  subdivided  as  follows: 
Cutters,  millers,  drills,  etc. 
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in  the  design,  but  when  attention  is  reqaired  for  inspection  at  inter- 
vals only,  the  personal  equation  does  not  enter  into  the  problem  to  as 
great  an  extent.     Lathe  and  elevator  drives  illustrate  the  two  cases. 

If  cuts  are  of  long  duration,  the  cutting  speed  can  readily  be 
determined  by  experiment,  but  this  is  not  practical  in  the  run  of 
inachine-shop  work.  The  determination  of  cutting  speed  for  mis- 
cellaneous work  is  a  difficult  matter,  and  must  be  given  special 
study  in  each  case,  every  means  toward  uniformity  of  product  be- 
ing resorted  to. 

The  drive  is  but  a  dete.il  of  the  machine.  We  should  aim  at 
a  harmonious  whole,  not  combining  an  efficient  drive  with  an  out- 
of -date  tool.  The  motor-driven  tool  of  the  future  should  not  be 
considered  a  combination,  but  a  nnit  suited  to  certain  specific  ends. 
The  motor-drive  problem  is  essentially  a  matter  for  the  machine 
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General  Machine  Shop  Classiflcation. 
Fip.  2. 

builder  to  settle,  and  when  a  machine  is  purchased,  tlie  eustonier 
should  have  the  assurance  tltnt  the  drive  has  been  (jiiv:n  the  aain*: 
rftre  hi  (Ics'hju  mul  const rttrt ion  (t.s any  other  jyaH  f^f  the  niachlfir, 
and  need  nnt  h*'  nnn^UJered  oh  a  distinct  issue. 

Machine  shops  may  he  hroadly  classified  accordincr  to  char- 
acter  of  output  as  follows: 

Shops  of  the  first  class  can  Ix^  laid  out  in  every  detail  with 
regard  to  a  definite  need.  Machines  are  purchased  to  do  just  one 
job,  and  freijuently  it  pays  to  desitrii  special  machinery  for  such 
duty.  After  it  is  pro[)erly  adjusted  for  the  character  of  material 
to  be  worked  antl  for  the  cutters,  no  changes  are  required  until 
better  methods  or  facilities  are  develo|)ed.  Here,  as  far  as  the 
drive  is  concerned,  we  find  the  simplest  conditions.  Usually  con- 
stant SjK^ed  with  ade(juate  power  suits  the  case. 

In  shops  classified  under  the  second  heading,  little  op[)ortii- 
nity  for  duplication,  in  the  seUvSe  just  considered,  exists.     Machines 
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mnst  handle  a  variety  of  work,  and  even  those  purchased  for 
specific  operations  are  usually  suited  for  other  purposes  so  they 
may  be  kept  busy  the  greater  part  of  the  time.  Variation  in  size 
of  work,  material  and  cutters,  demands  an  adjustable  speed  drive 

<(  l)   STEADY  LXIAD  -  EXHAUST   PAN  -   (DOWN  DRAfT  SYSTCH) 
(2)    FLUCTUATlUe  LOAD  -  FULL  AUTOMATIC  iATHt 
(3)   HEAVY  MOWCNTARY  LOADS  -  PUNCH 

Character  of  r^():wl  for  Constanl  SjkmhI  Drive. 

FifT.  3. 

together  with  change  feeds,  if  most  economical  results  are  desired. 
This  is  true  to  a  still  greater  degree  for  machines  in  the  third  class. 
The  drive  requirements   from  a  consideration   of  work  to  be 
performed  can  be  further  analyzed  as  shown  below: 

(1)  CONSTANT  H.P.    -  MACHINES  WOMKINS 
UNOCR  SPECIAL  CONDITIONS. 

(2)  H.  P.     INCRCASC  WITH    INCNCASC  OF  R.P.M. 
^(X)   THNDUGH  SCALER  POSITIVE  PRESSURE  BLOWER.    LAROE  LATHES 

yT  \  AND  BORING  MILLS. 

(A)  riXID  SPEED  y^  ^^^   "•'*•    DECREASES  WITH   INCREASE  OF  R.P.M. 

OVy^BLE  OF     ^  CERTAIN  DRILL  PRESSES  AND  LATHES. 

r.  \ 


ADJUSTMENT. 


^E) 


( I  )  STEADY  -  POSITIVE  PRESSURE  BLOWERS. 
AT  ANY  POINT ^—►(2)  FLUCTUATING  -  ENGINE  LATHES. 

(S)  HEAVY  MOMENTARY  LOAD  -  PLANER* 


CharacU?r  of  Load  for  Adjustable  Si>eed  Drive. 

V'lii.  1. 

Figs.  3  and  4  relate  to  churnvttr  of  load.  Fig-^.  5  and  6  are 
a  further  analysis  of  adjustable  8|x^ch1  drive,  for  machines  using 
cutters,  giving  details  that  should  determine  nmtje  and  innnhcr  of 
speeds. 

Adjustable  s{H*ed'  may  be  desira]»Ie  on  grinding  machines  also, 
and  in  this  case  will  de|R'nd  on  ratio  of  maximum  to  minimum 
wheel  diameters  and  other  matters  that  must  be  considered  se{)a- 
rately  in  individual  cases. 

2.  The  wonlH  "  variable  speed  "  are  now  j^enerally  used  for  describ- 
ing motors  adapted  for  in<iividual  operation  of  niacliines,  l)ut  to  distin- 
guish from  the  crane  motor,  for  exanij)le,  wliicli  is  truly  the  varial>le-spee<l 
type,  I  shall  use  tlie  words  '*  a<ijustable  speed  "  as  descril)in^  a  fixed  speed 
capable  of  adjustment  over  a  >^iven  ran^e.  Variable-speed  motors  are  used 
principally  for  railway  and  crane  service  wliere  tlie  load  is  intermittent 
and  toniue  varialile.  I)irect-<*urrent  apparatus  lias  been  develoj>ed  to  give 
such  thoroughly  satisfactory  results  for  tliis  duty  tluit  I  sliall  not  consider 
it  other  than  in  its  relation  to  tlie  general  niacliine-stiop  problem. 
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Macliines  for  punching  and  shearing,  while  usually  arranged 
for  constant  speed,  frequently  require  an  adjustable- Bpeed  drive. 
For  example,  assume  a  punch  operating  at  28  strokes  per  minute. 
The  operator  may  have  work  of  such  a  character  that  he  can  easily 
punch  a  hole  each  stroke,  while  in  another  case,  due  to  heavier 
sheets  or  greater  accuracy  recpiired,  he  is  compelled  to  skip  every 
other  stroke,  punching  but  l-t  holes  a  minute,  while  if  the  machine 

l)    IF  WORK  ROTATES  -  RATIO   OF  MAXIMUM 
TO  MINIMUM  DIAMETERS  OF  WORK. 

,(2)    IP   CITTTERS  ROTATE  •  RATIO   OF  MAXIMUM 

TO  MINIMUM  DIAMETERS  OF  CUHCRS. 
(R)   RANGE    IN/^ 

SPEED.      \ — ^(3)   RATIO   OF  HARDEST  TO  SOFTEST 

MATERIALS  WORKED. 

(4)   KIND  OF  OFERATIONS  -  WHETHER  CUTTINO. 
FIUNO  OR  POLISHING. 

Ivictors  That  luliueuce  Range  of  Six»ed. 

'  ig.  ;). 

would  |KM*init  he  could  readily  do  2S.  Such  a  saving  on  this  class 
of  machinery  usually  yields  a  large  actual  return  as  the  time 
required  for  setting  up  or  making  ready  is,  as  a  rule,  small. 

The  'nmniiit  of  lu)rse-])()wer  required  for  machines  of  different 
tyjH»s  de[)ends  on  the  factors  givt»n  in  Fig.  7. 

I  have  given  the  ])riiici[)al  items  to  consider  when  designing 
or  sclcctiiu''  nijichim*  drives,  but  to  more   fully  explain  the   line  of 

(1)  UNIFORMITY  OF  MATERIAL  WORKED. 

(2)  UNIFORMITY  OF  CUTTERS. 

(N)  NUMBER  OF  ^s^-^U)  NUMBER  Of  FEEDS  PROVIDED. 

SPEEDS        >v 

C*)  FACILITIES  ENABLING  WORKMAN 

TO  DETERMINE  PROPER  SPEED. 

i- ,».t.);->.  'I'liat    Inlhu-iuf  NuuiIkt  of  Spooils. 

reasoninji  that  sliould  l>e  followed,  I  shall  assume  definite  condi- 
tions,  and  consider  tlie  ecjuijinient  nee(h'd  to  fultill  them. 

EXAAIPLIE. 

LATIIK for  general  work  in  shoj)  of   A. . 

15.  — .      (\)ni|)anv,  inanufaeturer  of  aii*  compressors. 

(leneral  features  of  this  j)lant  and  its  organization  that  intlu- 
enci*  tv[)e  of  drive  (see  Kig.  1). 

K.B. — /.  The  niacliine  under  eonsidoration  is  to  run  in  an  old  plant, 
hence  no  saving  in  eost  of  huildiiips  eould  he  efleeted  hy  tyi)e  of  drive. 
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E,  B. — 2.  The  uatural  light  at  point  where  lathe  is  to  be  located  is 
very  poor,  and  it  is  important  not  to  obstruct  it  any  more  than  absolutely 
necessary. 

E,  B. — 3.  Artificial  light  has  in  the  past  been  supplied  by  independ- 
ent company,  but  they  desire  to  install  a  power  plant  that  will  take  care  of 
this  feature  as  well  as  power.  It  is  desirable  to  de[)end  largely  upon  gen- 
eral illumination  by  arc  lamps  with  incandescent  lights  for  detail  work. 

E.  S. — l-2f  and  E.  T. — 1.  For  roughing  work  the  best  alloy  steels, 
forged,  treated,  and  maintained  by  special  dej)artment,  assuring  uniform- 
ity and  high  efficiency,  will  be  used. 

E.  L. — 1,2,3,4.  Character  of  work  necessitates  constant  use  of 
IK)wer  crane,  making  overhead  belting  and  fixtures  objectionable  and  dif- 
ficult to  provide  for  on  account  of  location  in  main  bay  of  shop.  As  cost 
of  power  in  this  plant  amounts  to  less  than  H  per  cent  of  total  cost  of  prod- 
uct, it  is  not  a  determining  factor  in  character  of  drive. 


(H)  FACTtlRSeOVERNING 
HORSE- POWER 

ncquiRCO  by 


(K)  MACHINES 
USINQ  CUT1ERS 


(C)  GRINDING 
MACHINES 


(P)    PUNOHINO 

AND  SHEARING 

MACHINES 


(D)    MACHINES  FOR 
CHAMaiNa   SHAPE 
CF  MATCRIAI.. 


(  I )  CHARAaCR  OF  WORKED  MATERIAL. 

(2)  CUTTING  SPEED. 

(3)  DEPTH  AND  FEED  OF  CUT, 
(A)  SHAPE  OF  CUTTER. 

(5)  FRICTION  LOAD. 

(1)  CHARACTER  OF  WORKED  MATERIAL. 

(2)  CHARACTER  OF  GRINDING  MATERIAL. 

(3)  CONDITIONS  AT  GRINDING   CONTACT. 

(4)  FEED  AND  CUTTING    SPEED. 

(5)  FRICrrON  LOAD. 

(1)  CHARACTER  OF  WORKED  MATERIAL. 

(2)  RATE  OF  PIARTINQ  MATERIAL. 
3)  TOTAL  AREA  PARTED. 

(4)    FRICTION  LOAD. 

MACHINES  OF  THIS  CLASS  DO  WORK  OF  SUCH 
A  DIVERSIFIED    CHARACTER,    DEPENDING  ON 
(I)      SUCH  VARIABLE  FACTORS,    THAT    IT    IS 

PRACTICALLY  IMfOSSIBLE  TO  TREAT  ThIM 
OTHER  THAN   INDIVIDUALLY. 


Fivctors  (;<)ViTiilnj:  lIorso-l'owiT  Kcquired  for  Different  Tyi)es  of  Machines. 

Fig.  7. 

E.  M. — 2.  The  type  of  management  being  intrcMluce<l  at  this  plant 
should  ultimately  assure  intelligent  direction  of  work  and  proper  use  of 
e<|uipment. 

Referring  to  Vi^.  2: 

We  find  that  this  shop  will  come  under  the  class  in(licate<l  by  tlie 
symbol  W-2,  , 

Referrini;  to  ¥ur,  4: 

(A) — X—l-F  -2.  Majority  of  work  (probai)ly  80  percent)  will  l)e 
steel  and  gray-iron  castings  between  18  ins.  and  48  ins.  diameter.  Maxi- 
mum conditions  call  for  removal  of  same  amount  of  metal  between  these 
limits,  and  appniximately  constant  cutting  speed.  Maximum  horse- 
power requirements  are  conseciuently  constant  through  the  range,  but 
subject  to  fluctuations  at  any  one  point  below  the  said  maximum. 
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At  llTiieH  It  M'Ol  Ue  ueceBnuty  lii  luaL-bhie  wurk  aa  Miiall  *><  111 
t.  let,  ut  an  lari-o  ss  IH)  fuH,  (llaineter;  ci>uHe<iiieiitly  a  raiijfe  Ui 

nl .         1  woulil  be  rojulretl  Tur  tliis  {iiirpoHe. 
R  L'uIterM  will  always  l>e  nlatloiiary. 

II—        The  rallu  iif  banlen^t  to  Kiiftent  material  reqiiireil  liy  H|>e<:ilic*- 
II  V        lie  appruxiiiialely  2:  1.    This  will  iiiureaHe  the  u<weM»aty  h|>««iI 
«.t«u  v»  .1:1. 

J,    The  majority  of  work  will  l>e  roughing  and  niilBlihig  wlUi 

;\  Koine  liling  and  llni«hiiig  with  emery  cloth  will,  however,  Ik 

I...         V,  and  fur  this  purpi-Kte  e.\[ierience  would  diutste  a  cutting  epeed 

!■'  (ler  minute  ou  10  Ins.  diamel«r     It  will  he  uectRsary  lo  pruviilc 

i':4  Mpeed  of  lii  ft.  per  minute  on  the  lar^ei^t  dtaitieter  on  account  «f 

lUl  character  and  dlllieulty  of  driving  Boiue  of  the  easthigH  lo  he  mk- 

ed.    Total  range  of  epeed  In  deteniihied  by  limiting  coDdltionB ofi 

,.ting  Rpeed  ori.i  ft.  per  minute  on  ilOtn-  work  and  150  ft.  per  minute  ou 

■In.  work.     I  have  purpuaely  chosen  tlicBe  extreme  cunditloiis  to  tietter 

U8trat«  my  iioint.     In  practice  a  tiO-iu.  lathe  ia  neliluin   ie<inireii  1"  run 

..  57r.p.m. 

irji 
l(j"x  3.14  r=  57.:i     r.p.m. 


lieft-rrini;  to  Fio.  I',: 

.\-  I.  H  wasHtateilalH.vetliiii  Ilieclinraclerof  maierial  viouldvary 
in  the  proportion  of;;  :  I,  thlw  hein;;  a  rei|iLireioenI  of  llie  pnidiiclH  mauu- 
factureil.  rnifoniiity  of  nialerlal,  iir  how  nearly  llie  rL^jiiirenieiils  can  lie 
attaiiieil  imder^hop  coiidltlojis,  is  one  of  the  factors  uillnenchi^  the  num- 
ber of  face-plale  speeds. 

A  fully-ei|iii]<ped  lahoralory,  under  Ilie  <]ire<-tlt>n  of  an  itblecheiui^t, 
who  has  eiilire  charge  of  the  cupola.-  aiid  liessenier  I'leel  (.imverter?,  as- 
HureHamiich  more  utiiform  produi't  in  the  plant  in  <|uesli.iii  than  w 
usually  the  case.  A  great  deal  of  cNperiment  ami  itivestlpatioii  wlU  b« 
necenBary  however,  before  we  can  make  definite  as»ertion»  In  this  direc- 
tion, hut  castings  from  the  Haiue  piittern  should  not  varj'  more  than  30 

A'—;'.  Cutter  uf  the  character  hid.euleil  above  (  K.S.— I  i  should  uol 
vary  in  efUciency  more  than  H)  per  cent. 

A'— .V.  The  full  ciinsi<teralu>n  uf  this  |Kiiiit  involves  an  understand- 
ing of  the  laws  governing  spee<l,  feed,  and  cut  for  various  materialB.  It 
will  uot  lie  practical  to  include  b»~  •■'•'*  ''^'r  ^u  this  detail.    Hundreds  of 
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ton.-  ••!*  Met]  ar.«i  <rsi*:  ir-:.  LX't  t<«s  ^ci  up  to  liecermiKitf  tbew  reUtious, 
and  c\>n>ia;a:  tx:icr.::.r'_:  >  :  c*."e«si:y  r.  ke«p  AhnKk^t  of  npitl  iiuprme- 
iueiit>.  I  M  :'il  vi-ly  ?^y  ii.^i ;:  >  -.urtc  A*  n«*v««bauy  to  pruvi«ie  au  ade- 
ijuatt:  liumi^r  *>f  fct«i7>  ±^  ::  >  ^;  ::.dlc^i><ei:^.  &nd  in  fact  a  liniit«d  uuiu- 
l»erofeiihcr.-:je  •  f  ::-e^  r'i-.-:  r?  will  sri'.e  ertieient  res^ulti^  pruvidini  a  very 
cloi^e  rtiruIiXi'«:i  K^ti.  :«t  Li-: «-:.  :L.e  ••:her. 

In  ihtr  i<rEr!«i.i  iTa-i^Lt.-e  ii  vjis  n*>:  o»U5ldere«i  aiivL«aiki[e  to  ^l^eci^ 
chanire!>  tu  the  ^I&^ida^i  freiiz^^  iitci-haui^ui.  aa»  thi^  feature  had  Iteen  well 
taken  t-are  of  l-y  the  f  u:l  ie:. 

.V — i.  A*  tbt:  •  j^rsiS'i-  i.»f  the  machine  i«  ultimately  govenietl  by 
the  facilities  at  the  d>]"^*^i  ••f  the  machini^^t  who  runs  it,  it  18  abijiolutely 
es2!«utial  that  thi:^  ^••::iT  'r<e  iriven  m«is>t  careful  :^tudy.  It  involves  prac- 
tically every  feature  i'fshv I >  system  and  management,  and  it  is  only  under 
such  siystem*  as  tliat  de\ek>{«i  by  Mr.  Fred  \V.  Taylor,  of  which  funo- 
tiuual  fureniansLi]-  is  i-ut  a  sinde  detail,  that  the  cunditiont«,  as  outlined 
above,  can  I*  fulr.lle«i-  It  necessitate*  that  the  operator  of  the  machine 
be  infunucJ  as  to  the  character  of  the  material,  eftieiency  of  the  cutter 
proi»ercultini:  sj^rtf*!  in  c«»usii1cratiou  of  duration  of  cut.  and  niaiiv  other 
equally  imjNirtant  farti»rs. 

Si  it  will  Je  ?een  that  we  cannot  arrive  at  any  data  which  W(»iild 
enable  U5^  to  sj.ecify  .letinitely  the  nunil»er  of  spindle-hpeetln  re<|Uired.  Our 
conclusions  luust  nt^-cssarily  J.e  base«l  principally  on  experience  in  nhop 
practice,  and  for  ihi-  reas^.n  enk'ineers  diller  widely  in  their  viewH.  For 
the  example  under  ci.nsideratiun.  speeils  increasing?  in  increnienlM  of  I.', 
jercent  are,  in  nur  estimation,  iiuite  as  close  as  can  l)e  used  t»)  advantnjrc. 
his  well,  however,  to  errnn  the  safe  side,  provi<nnK  too  nianv  npccds 
rather  tiian  i«h.  few. 

Kcfcrriiit:  to  Ficr.  7: 

11.  A'.-/,  -. ;;,  4.    Maxmium  i>ermi8sible  cuttinjr  „,,eed  on  Mvv\  rast 
inps  will  lie  W>  ft.  i>er  minute:  on  pray-iron  casting's  CA)  ft.  per  minute    dc 
tennined  by  actual  re<iuirements  on  a  large  variety  of  work )      Maximiiin 
cut.  cast-steel.  %  in.  deep,  ,V  in.  feed;  gray-iron,  %  in.  deep    '.  in    h,.| 
'These  conditions  are  establisheii  by  character  of  work.)  ' 


V 

Forthedepthof  cut  and  feed  under  consideration  (,...  .    .... 

calculate<l  pressure  on  the  tool  would  be:  r.m  or  h<,rKi.  .  ' 

H.  k'.—r,.  The  friction  load  can  only  be  arrived  at  1 1. 1        i 
and  depends  not  only  on  the  machhie,  but  character  a,     ""^    *  ' ''' '"  '  '" 
ingwork.    Experimental  data  on  machines  (,uiteHmii.!!."M**""^  ''' ''' 
consideration  would  indicates  horse-powerthronrin  '""  "  ''^• 

8ufflcient  to  allow  for  this  purpose.  n*-«:i.nM    ,;,,,^,  ^^ 

These  conditions  are  plotted  In  FIk.  8.    It  wim 
horse-power  falls  off  on  either  side  of  the  worC  ' 'rr!/'"'  '"^ 
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While  it  iHeawyti"  tliwirl/.e  as  to  tiie  liorae-power  Teijuiied  fot  worli  of 
varioUM  dlaiiieterH,  in  actual  pT&etioe  the  cuuditiuuB  aie  about  as  I  have 
ahowii.  It  inii8t  be  borne  iu  iniiid  that  the  machine  under  couaideratlou 
should  be  primarily  adajited  for  the  minority  of  work  that  it  will  handle. 
We  have  BMiiuiued  that  80  jier  cent  of  this  will  be  betwe«u  13  iua.  and  48 
ius.  iu  diameter,  bo  that  work  outside  of  these  limits  Is  the  exception. 
Un  small  work,  Buch  as  would  be  handled,  there  Is  not  likely  to  be  oppor- 
tuully  for  as  heavy  roughing  cut«,  and  castings  over  48  ins.  fn  diameter 
cannot  be  swung  over  the  carriage,  nor  would  it  be  good  policy  to  aim  at 
high  efficiency  at  this  ]Hiint  for  the  additional  cost  would  not  be  justified 
by  the  saving  effected  on  such  a  small  fraction  of  the  total  output. 

An  the  horse-jKiwer  between  Die  working  limits  shown  above  was  fig- 
ured forthemuximum  cutting  si>eed  of  GO  ft.  )>er  minute,  we  can  plots  rela- 
tion between  revuIution»|>erminute  and  horse-power.  (SeeKig.9.|  The 
selection  of  electrical  eijuijimeut  for  this  lathe  will  be  taken  up  further  ou. 


^ 
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Tliv  :LiuiIy:-is  (if  t-i>iiiiitii)iis  jnvscntcd  aliovt;  is,  ag  was  statwJ, 
t'8scriti;ill_v  a  |irul)IiMi:  for  tlic  (iiiic-hino  builJer  (o  work  out-  in 
<.t)iiT  word^.  ill,.  I'lirlriciil  coinjiaiii.'s  sli.ml.l  look  to  him  for  gen- 
fCJil  t■|.l-t■iti(■iltioll^;  ,-imTin;r  nioloif!  iincl  controllers. 

Wlini  i-.|iii]ii,itii:  niiichini's  of  ol.l  (ii'Hiffii  with  motor  drive,  or 
r.>Tuo.i.-lin<r  ih.Tii  lo  h<.|l,-r  llicir  i-tHci,-iicy,  t-ai-li  one  elionl.l  liecou- 
si<l.-n-<l  sc].-.nitcly  with  n-oi.rd  to  llie  ^y^vA  lino  of  work  it 
Iiandlcs.  As  niiinufiictiiritiif  bfCoiiicH  more  Sjx^cialiw'd  it  will  In- 
|(OKsil.lt'  for  lln-  huiMcr  of  iiiarliinog  to  design  with  iiion^  intelli- 
gence, for  ho  nin  iheii  treat  a  lyipo  as  we  have  treated  ati  individual. 

To  avoid  reiH-tilioii,  I  will  asj^oine  the  following  conclusion s 
have  bwn  established. 

(1)  llachinea  of  present  design  of  comparatively  small  work, 
requiring  constant-sjiecd  drive  sliould,  in  most  instances,  be  grouped 
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tnd  oj>erated  from  tnotor-driren  line  eliitfld.  i>pe«.'iticatioD£  for 
new  luacliines  for  audi  duty  should  be  made  with  a  view  to  special 
requirements.  Indirect  saviug8  in  one  plant  may  much  wore  than 
iffset  additional  cost  of  constant- e[ie«d  motor  on  each  machine. 
while  this  would  not  be  true  in  another. 

(2)  For  group  driving,  both  direct-  and  alternating-current 
motors  give  thoroughly  satisfactory  results.  In  either  instance,  if 
properly  installed,  repairs  should  not  be  an  important  featnrv.     In 
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certain  iiidustries^the  textile  mills  for  ixau, 
motor  has  decided  udvantaires  on  aecouut  of  di 
with  varying  loads  and  lessene<l  lire  ri^k.  but 
these  features  are  unimportant. 

(3)  Mechanical  means  of  ejietil  i.-outnil. 
pulley  and  variable-speed  countersliafi-^.  wliili 
specitic  cases,  do  not  meet  the  gem-nil  r<-<]i]ii 
drive.  An  attempt  to  obtain  the  ii.i-.--iirv  -[. 
example,  is  not  only  costly  (if  a  r-niii'i.-nt  nm 
provided),  but  inefficient,  in  that 
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stopped  to  change  from  one 


trolled  from  an  iudei 
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pendent  [unnt. 


(4)  For  adjustable  s|^-i-.l  -.v-irk.  di 
give  satisfactory  results  at  the  pn-.-i-nt  tiim- 
by  this  means  to  use  a  x^w^t-  gnrutt-r  ib:>ii 
majority  of  cases  3  to  1  gives  the  iiiot^t  <?<:>, 
other  words,  in  most  instances,  it  is  wfn-^y-.wr 
bination  of  mechanical  and  electrical  cjntrtjl, 
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12 


MOTORS  IN  MACHINE  SHOPS 


each  being  largely  eliminated  by  this  means.  For  example,  even 
where  machines  are  handling  a  very  general  line  of  work,  the 
greater  part  of  it  will  l)e  covered  by  a  range  of  8  to  1,  so  that  if 
this  amount  is  obtained  electrically,  gear  changes  will  be  seldom 
necessary,  and  at  the  same  time  a  comparatively  inexpensive  motor 
required.  Conseijuently  the  lathe  requirements  specified  above 
are  of  quite  as  mucli  value  to  the  man  who  designs  the  mechanical 
features  of  the  machine  as  the  one  who  furnishes  the  electrical 
apparatus. 


sejr 


tSpeed  A/otches 
Fii.'.  10. 

(."))  Loiiij^  tnuismission  lines  may  inako  alternating-current 
dt'sirahlc,  and,  for  cHTlaiii  rxtcinUMl  j)iants,  tlie  best  results  can  be 
ohtaincd  hy  .♦s  use,  tom'tluT  witli  inotor-mMienitor  for  direct-current 
vaiia]>K'-s[U'('«l  motors.  I f,  liowcvtM',  but  one  kind  of  current  will 
bt*  availa])lt',  decision  sli(>ul<l  )u^  laro;(.'ly  p)vernod  by  number  of 
individnal  drives  ivijnircd.  In  many  instances,  w-hile  group 
drives  may  l>e  d«.'sii-al)U?  at  tlic  start,  new  e(juipment  should  l>e 
])ureliased  witli  individual  motors  for  the  sake  of  adjustable  speed 
and  ease  of  eontrol. 

Keturninj^  to  t]ie<)0-in.  latlie  considered  above,  the  total  speed 
range  of  57  to  1  can  be  covered  by  tlie  usual  triple  gear  arrange- 
ment, with  the  resulting  ratios  shown  on  the  chart.  The  range  in 
motor  speed,  of  8.5  to  1,  is  quite  practical  and  can  be  taken  care 
of  by  any  one  of  the  systems  referred  to  above. 
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I  shall  not  dwell  ii[K)n  the  strictly  mechanical  details  of  the 
drive,  rather  assuinincr  that  this  part  of  the  work  is  ])ro[>erly  taken 
care  of,  but  pass  on  to  a  consideration  of  the  motor-drive  systems. 

(2)  NOTES  ON  MOTOR-DRIVE  SYSTEMS. 

Systems  now  on  the  market  for  obtaining  adjustable  speed  by 
means  of  motor  drive,  and  advocated  by  prominent  manufacturers, 
are  given  below: 

(1)  Field  weakening  only 

(2)  Double  commutator  motor  combined  with  field  weakening. 

(3)  Edison  three- wire  svstem  combined  with  field  weakenincr. 

(4)  I'nbalanced  three- wire  system  combined  with  field  weak- 
en incr. 

(5)  Four-wire  multiple- voltage  system   coiubined  with   field 

weaken  incr. 

There  are  two  classes  of  purchasers,  with  widely  differing 
requirements,  and  to  whom  different  systtms  appeal: 

(1)  The  customer  who  buys  motors  for  his  own  use  to  equi]) 
machines  already  in  operation,  or  sj^ecial  machinery  which  must 
be  given  individual  consideration. 

(2)  The  customer  who  buvs  for  an  unknown  third  partv.  The 
builder  of  machines,  for  examj)Ie,. who  manufactures  his  product 
without  any  knowledge  as  to  whom  the  j)urchaser  may  1r*,  and  con- 
sequently must  design  equipments  that  will  meet  conditions  exist- 
ing in  plants  where  his  product  is  solicited. 

The  electrical  manufacturers  have  beiMi  slow  in  realizincr  this 
almost  self-evident  classification.  The  verv  essence  of  m(Mlern 
manufacturing  consists  in  specialization,  as  it  is  only  in  this  way 
that  cost  can  be  reduced  to  a  minimum.  Such  establishnu'iits 
must  be  classified  under  the  second  division  referre<l  to  above,  and 
the  product  considered  as  a  ff/jf<',  while  in  the  first  class  given 
machines  or  given  establishments  can  l>e  treated  separately. 

Conditions  in  the  past  have  in  either  case  demanded  a  separate* 

consideration  of  drive  for  practically  every  customer,  on  account 

of  special  character  and  numerous  types  of  motor-drive  equipment, 

but  substantial  progress,  as  far  as  the  machine  builders  are  con- 

will  not  be  made  until  their  ])roduct  is  manufactured  com- 

"J  essential.     This  means  the  adoption  of  a  motor  that 
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can  be  operated  on  110  or  220  volts,  direct  current,  as  one  of  these 
is  not  only  found  in  nearly  every  large  establislnnent,  where  it  is 
used  for  cranes  and  lighting,  but  in  many  of  the  sniall  shops. 

The  three-  and  four- wire  systems,  on  the  other  hand,  have  l)een 
installed  by  a  very  small  percentage  of  the  shops  who  are,  from 
time  to  time,  purchasing  new  equipments,  hence  for  commercial 
reasons  such  apparatus  does  not  aj)j)eal  to  machine  builders.  It 
may,  however,  possess  distinct  advantages  to  purchasers  of  the 
first  class  who  contemplate  the  motor  equipment  of  an  entire  shop, 
either  at  once  or  as  conditions  demand.  As  they  can  exercise  the 
greatest  frtH?dom  in  selection  of  equipment  for  motor  drive,  I 
shall  consider  the  systems  enumerated  above  from  their  stand- 
point.  It  will  then  be  a  comparatively  sim])le  matter  to  apply 
these  conclusions  to  the  more  8{)ecial  conditions  which  must  be 
met  by  the  machine  builders. 

All  customers,  unless  they  emj)loy  consulting  engineers,  are 
called  upon  to  decide  tl.emselves  upon  the  system  to  adopt,  and, 
as  their  experience  does  not,  as  a  rule,  cover  the  details  of  elec- 
trical engineering,  they  must  d<.*pend  largely  on  the  statements  put 
forward  by  electrical  comjianies. 

There  is  no  d()ul>t  that  tlu^  manufacturers  in  many  instances 
have  taken  ndvaiitage  of  the  s|uM*ial  c-liaracter  of  machine  work  to 
rate  tlieir  motors  in  a  wny  tliat  is  wvy  decej)tive.  The  words 
**  full  load''  arc  almost  uiiivtM'sally  abused,  and  as  there  is  no 
standanl  spcci  Ileal  ion  adlicrtMl  to,  the  only  safe  basis  for  comi)ari- 
son  is  llirouj^li  a  kiKKvlcdm^  (►f  tlii'  weight  autl  maximum  speed 
for  a  iri\fn  hoisr- power  tliroueli  a  eriven  ranire,  with  the  under- 
slaiiding  that  a  s|n'cirhMl  overload  must  be  carried  at  any  point  for 
a  certain  lime.  Sueh  an  analysis  would,  according  to  the  views  of 
the  various  builders,  give  at  least  an  intelligent  idea  of  the  equip- 
iniMit  re(|uired  to  till  a  delinile  uiumI,  l)ut  in  a  number  of  instances 
our  ex])erienee  lias  indicated  that  claims  made  by  leading  manu- 
facturers have  HOC  been  fuHill(Ml  in  aclual  test.  Machine-tool  duty 
unquestionably  permits  of  a  diffiMcnt  basis  of  rating  from  constant 
horse-power  work  in  much  llu^  sanuMvay  that  street  railway  motors 
are  rated  on  a  basis  of  llicir  own,  but  when  one  manufacturer 
adheres  strictly  to  a  rating  of  j)resent  standard,  and  another  departs 
from  it  without  the  knowledgt^  of  the  customer,  the  latter  is  likely 
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to  be  comparing  bids  on  two  radically  different  equipments.  This 
we  Lave  repeatedly  found  to  be  the  case.  We  feel  that  this  matter 
should  be  given  careful  consideration  by  such  a  body  as  the  Ameri- 
can Institute  of  Electrical  Engineers  and  a  definite  understanding 
arrived  at. 

I  shall  assume  general  familiarity  with  the  systems  under  con- 
sideration. In  general,  a  motor  for  a  given  maximum  speed  and 
a  given  range,  to  deliver  a  given  horse-power  through  this  range, 
will  be  at  least  as  large  when  operated  by  field  weakening  only,  as 
when  a  combination  of  either  two  or  more  voltages  with  field 
weakening  is  ado])ted.  Unless  the  motor  is  specially  designed  for 
field  weakening,  it  will  be  larger  than  in  the  latter  case.  We  have 
been  unable  to  obtain  any  satisfactory  data  from  the  engineering 
departments  of  electrical  manufacturers  cx)ncerning  variation  of 
horse-power  with  field  strength,  so  prefer  to  base  our  conclusions 
upon  tests  which  we  have  conducted  in  connectiofi  with  work  for 
various  clients. 

As  the  cost  of  variable-speinl  motors  and  auxiliary  power 
transmission  equipment,  such  as  chain  or  gears,  is  in  proportion 
to  the  s{)eed  at  which  it  operates,  we  should  see  that  the  latter  is 
as  high  as  is  consistent  with  the  various  engineering  considera- 
tions. A  number  of  the  manufacturers  of  motors  do  not  give 
sufficient  thought  to  the  adaptation  of  motor  speeds  to  available 
means  of  transmitting  power  to  the  machine.  There  are  three 
methods  in  common  use,  namely:  leather  belts,  gears  (including 
worm  and  spiral  gearing)  and  chain.  While  the  great  flexibility 
of  the  belt,  in  relieving  the  machine  of  sudden  jar,  has  distinct 
advantages  in  certain  instances,  gears  and  chain  are  used  in  the 
majority  of  cases  for  individual  drive. 

(I)  FIELD  WEAKENING  (WITH  A  SINGLE  VOLTAQE). 

A  number  of  manufacturers  have  recently  placed  on  the 
market  motors  designed  to  run  on  a  single  voltage,  but  that  may  be 
varied  in  speed  by  means  of  field  weakening  over  a  range,  in  some 
cases,  as  high  as  <>  to  1.  Until  recently,  ranges  as  great  as  the 
above  have  not  been  considered  practicable  and  our  tests  of  motors 
of  various  makes  have  indicated  that  in  this  resj)ect  much  can  be 
accomplished  through  careful  motor  design.     Manufacturers  that 
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adhere  to  the  simple  shunt  type  do  not  advocate,  except  for  special 
work,  a  range  exceeding  4  to  1,  while  others  who  have  adopted 
either  additional  poles  or  special  windings  claim  to  have  elimi- 
nated the  difficulties  usually  encountered,  and  are  prepared  to  fur- 
nish motors  giving  any  variation  desired.  These  types,  however, 
have  not  been  in  operation  a  sufficient  length  of  time  to  enable  us 
to  confirm  their  statements. 

We  have  found  that  customers  are  frequently  misled  concern- 
ing the  size  of  frame  required  for  a  given  duty  for  motors  operat- 
ing on  this  system.  As  the  horse-power  that  can  be  developed 
with  a  given  frame  is  in  proportion  to  the  speed  of  the  annature, 
it  is  necessary  to  use,  for  a  range  of  4  to  1,  a  motor  frame  rated  at 
least  four  times  as  large  as  the  power  requirtni  if  [)ractical  speeds 
are  not  to  be  exceeded.  Even  such  a  frame  will  not,  in  most  eases, 
make  it  possible  to  rate  the  motor  as  lil)erally  as  is  the  case  with 
standard  constant -speed  aj)paratus,  as  the  exceptionally  strong  iield 
required  is  likt^ly  to  cause  heating  at  the  slow  speed,  and  at  the 
high  speed  the  weakened  field  will  cause  poor  commutation. 

We  have  not  yet  ex])erimented  with  a  motor  of  this  type  that 
would  operate  continuously  under  the  full-load  current  at  its  hicrh- 
est  sf)eed  without  giving  some  trouble  at  the  commutator.  It  is 
true,  HS  was  stated  above,  tliat  sneli  conditions  would  rarely  l)e  met 
in  the  niacliine  slioj),  but  to  j)ure]iase  with  intelligence  it  is  neces- 
sary to  know  how  much  manufacturers  depend  on  this  fact.  Mo- 
tors with  a  range  of  -l  to  1  have  already  been  successfully  applied 
to  machines  re(|uiring  a  comparatively  snuiU  amount  of  power,  al- 
thougli,  as  will  1h^  j)ointc(l  out  later,  the  a])])aratus  has  not  been 
perfected  as  fully  as  is  the  case  with  other  systems. 

If  the  lathe  considere(l  above  be  e(piipped  with  apparatus  oi)- 
erating  on  this  system,  the  relation  between  motor  horse-power 
and  that  retpiired  by  the  machine,  sliown  in  Fig.  11,  should  ful- 
fill tlie  conditions  satisfactorily,  as  tlie  upper  curve  is  drawn 
throutrh  maximum  values,  and  when  they  are  reached  the  overload 
on  the  motor  would  only  be  HO  per  cent. 

Ileferring  to  the  dimensions  and  ratings  furnished  by  one  of 
the  manufacturers,  whose  apparatus  has  sliown  up  very  favorably 
under  test,  we  find  that  a  motor  weitrhincr  1,015  lbs.  will  deliver 
10  horse-power  between  a  range  of  350  r. p.m.  and  1,050  r.p.m.,  or 
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one  weighing  2,300  lbs.  will  deliver  10  liorBe-power  between  225 
r.p,in.  and  900  r.p.in.  We  recomniend  tbe  use  of  the  laat  frame, 
as  satisfuctory  commutation  should  be  assured  by  the  Bmallur 
speed  range,  namely,  225  r.p.in.  to  787  r.p.m. 

(I)    DOUBLE  COMMUTATOR  MOTOR  (COMBINED  WITH  FI^LD  WEAKENINQ). 

The  additional  cost  of  the  double  commutator  motor,  together 
with  the  maintenance  of  two  coniniutatora  instead  of  one,  are 
objections  to  this  system  that,  in  our  estiniution,  offset  its  advan- 
tages for  other  than  special  cases. 


i 

^ 

"%. 

I 

1 

\ 
\ 
% 

9 

^ 

^ 

5 

y 

Viplaot^r 

/7ev.per  Min  of  face  Plate 

Fig.  11. 

(3)    EDISON  THREE-WIRE  SVSTEM. 

The  combination  of  the  Edison  thrt-e-wire  system  with  field 
weakening  pennits  of  a  raiifre  of  4  to  1,  with  but  100  per  cent 
increase  in  speed  by  the  latttT  tia'ans,  and.  consequently,  elimi- 
nates commutator  troubles  to  a  nutrkcd  extent. 

The  balanced  three-wire  system  lias  been  adopted  «piite  gen- 
erally in  the  pJLst  for  lij;htinir  purposes,  and  luay  be  obtained 
either  by  means  of  standiird  generator,  together  with  a  separate 
balancer,  or  by  providing  the  fiirmcr  with  slip  rings  connected  to 
au  autotransformer  from  the  middle  ]»iirit  of  which  the  neutral  is 
taken.  The  latter  arrangement  is  advocated  by  manufacturers  of 
this  apparatus. 

The  seh'Ctioii  of  motor  to  ojierate  on  three-wire  system  for  the 
60.in.  lathe  should  be  Iwsed  on  curves  shown  in  Fig.  12,  The  saine 
oeeumptione  are  made  regarding  overload  as  iu  the  former  case. 
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Tbo  motor  required  for  tlieee  conditions,  according  to  one  of 
the  principal  advocates  of  the  Edison  three-wire  system,  would 
weigh  2,600  lbs.  and  ojjerate  from  2:30  r.p.ni.  to  8S0  r.p.m, 

(4,  THE  UNBALANCED  THREE'WIRE  SYSTEM. 

The  unbalanced  three- wire  system  was  developed  to  give,  witli 
a  luiniinuni  size  motor,  a  range  somewhat  greater  than  IJ  to  I. 
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For  a  r;ri^'.-  of  1  lo  1.  nr  uihI.t.  it  bu.  n..  wW.uxU^^k-  over  tile 
lialiiiiivl  Ibiwuiiv  >\>WM.  nor  durs  it  pi.ssess  the  sevi-ral  tjo."! 
fealuivs  of  llir  our  ];..I  iiatiMM. 

(SI   FOIJR-WIHE  MULTIPLE  VOLTAOL  SYSTEMS. 

Tlir  i,rinri|.i]  adviinlajxe  of  ih,'  nnilti|.l,..voU!i^'e , -system  i.>^  that 
jilisolulely  ^linnlard  iiiutors  (the  i^aiiie  as  \\w  usetl  for  eonstaiit- 
s[«-.(l  duty  I  an-  iLsr.l  wiili  |«-rfe.-lly  ^ati.-^fneloi-y  results.  This  is 
not  true  of  any  of  ibe  otln-r  sysleins.  Motors  de^iifTied  to  operate 
on  a  ibrt'e-wiiv  sy.;tciii  iniist  niu  with  fiill  lield.  full  volta^re  at 
about  biilf  Ibi'  i^jiei-d  of  a  eoiisliinl-ppced  Tuotur  for  the  same  duty. 
tberefntv  caiiiiol  In-  .■ciiiioiiiically  us'.-il  for  the  latter  purpose.  This 
is  true  to  a  j^till  ifreali'i-  ileifree  for  inolorf;  desijfiied  to  give  a  wide 
ninjjre  of  BiHvd  by  means  of  field  weakening  only. 

The  Tuuxiniuui  range  in  speed  obtiiiiialile  by  the  system  under 
consideration  depends  upon  the  voltages  adopted  and  the  amount 
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the  field  is  weakened,  but  for  parpoaea  of  economy,  except  where 
constant  torqne  is  required,  the  working  scale  is  usually  confined 
to  the  higher  voltages.  The  lower  voltages,  while  used  chiefly  for 
starting,  prove  of  great  assistance  at  times  for  setting  up  work. 

The  two  systems  which  have  been  advocated  differ  in  that  one 
requires  an  arithmetical  series  of  voltages,  and  the  other  a  geomet- 
rical series.  In  either  case  a  balancer,  or  specially  designed  gen- 
erator, is  required  to  give  the  voltage  referred  to  and  four  wires 
employed  for  distribution.  These  two  features  are  frequently  cited 
as  disadvantages  that   more  than   offset  the  good  points  of  this 


system,  but,  in  reality,  tlicy  do  not  complicate  matters  to  any  great 
extent  nor  add  Tiiatcrially  to  the  coat  of  a  large  installation. 

While,  as  statt-d  iiliove.  the  average  machine  tool  may  Iw  con- 
sidered as  requiring  constanl  lioise -power  through  its  working 
range,  in  niniifroiis  i1l,sti^K•f■^',  piirlicularly  when  dealing  with  large 
tiiachinery,  we  iind  that  requirements  call  for  an  incivasied  horse- 
power with  an  iiicreas.*d  sjH'ed.  For  t-rich  cases  the  multiple-volt- 
age system  is  must  desirable  as  isi  clearly  tliowii  by  the  curves  in 
Kig.  13. 

This  data  relates  to  a  large  gun  lathe,  driven  liy  multiple- 
voltage  apparatus.  The  lower  curves  are  drawn  through  points 
determined  by  actual  test  and  show  the  power  required  to  drive 
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tbe  lathe  with  faue  plate  in  place,  but  otliurwisu  running  light. 
The  power  available  for  useful  work  is  represented  by  tho  vertical 
height  between  the  curves  just  referred  to  and  the  upper  ones, 
which  show  the  relation  between  horse-power  aud  speed  of  a 
standard  So-horse  power  ("rocker- Wheeler  motor.  Such  examples 
,  are,  of  course,  exceptional. 

Thus  far,  I  have  assumed  the  nse  of  the  same  range  iu  motor 
speeds,  when  operating  on  the  spindle,  backgear,  and  triple  gear, 
and  in  the  case  of  field  weakening  motors,  or  those  operating  on  & 
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I'll  us  slIjovi"  there  would  not  l»e 
^•.■.  Tlie  characleristies  of  the 
Mre  ench  tiiat  a  stiiiiller  motor 
■  ralios  are  deteniiintHi  by  the 
fiu't  was  borne  in  niind  when 
11  n-lativi'  to  multiple-voltagi' 


ami  i.jM'rating  from  23r>  r.p.m.  to 
I'  of  the  leading  manufacturers  of 
rale  their  motors  very  conservii- 

_'erease  in  horse-power  with  field 

weakening,  I'y  actual  lest  their  motors  ."taiui  np  under  these  con- 
ditions a!i  well  as  many  otli-T  iLiakes  that  are  said  to  deliver  constant 
hor9e-j)ower  through  a  range  of  ti  to  I. 
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(3)  NOTES  CONCERNING  DIFFERENT  HAKES  OF 

APPARATUS. 

In  every  instance  linal  decision  must  rest  with  the  perfection 
of  apparatus.  One  of  the  most  important  details  so  far  as  efficient 
shop  use  of  the  motor  drive  is  concerned  is  the  controllincr  mechan- 
ism. For  machine-shop  duty  thoroutrhly  ruj^ged  and  compact 
controllers  are  required.  Tso  contacts  should  be  exposed  as  is  now 
the  case  with  the  apparatus  furnished  by  a  numl)er  of  manufac- 
turers of  field  weakening  motors.  With  thoroutrhly  efficient  aj)pa. 
ratus  it  is  practically  impossible  to  damage  either  the  motor  or 
controller  by  the  rapid  operation  of  the  latter.  I  do  not  iiiean  by 
this  that  it  is  well  to  swing  the  controller  handle  suddenly  from 
the  off  position  to  the  full-sj)eed  ])oint,  but  such  action  should  not 
Vesult  in  destructive  sparkinc:  at  the  commutator  or  arcintj  at  the 
controller  points. 

The  satisfactory  operation  of  a  controller  for  the  conditions 
under  consideration  depends  largely  upon  the  success  with  which 
the  manufacturer  has  fulfilled  the  followincr  conditions: 

(1)  Controllers  should  he  completely  inclosed  hi  iron  casing. 

(2)  It  shouhl  he  inipossihle  through  the  inanij)ulation  of  the  con, 
troller  to  stop  the  motor  at  any  phire  on  tlie  scale  other  than  the  ofl'position. 

(H)  Rapid  operation  of  the  controller  should  not  cause  serious  dam- 
age to  either  motor  or  controller. 

(4)  They  should  he  so  designed  that  they  can  he  easily  operated 
from  a  convenient  ])oiMt  on  nuichine. 

(o)  A  sufticient  nuniher  of  speeds  siiould  l)e  provided,  <lependingon 
niacliine  re<|uirenients. 

(6)  Controllers  that  retjuire  fre<|uent  operation  must  he  designed 
with  liheral  contact  surface  and  more  rugged  in  every  rtspect  than  those 
used  principally  as  "speed  setters,"  and  as  a  result  only  operated  at 
intervals. 

(7)  The  design  should  permit  of  repairs  with  the  greatest  ease.  In 
this  connection  the  location  and  type  <d' resistance  grids  should  he  given 
careful  consideration. 

(8)  Kach  speed  should  he  clearly  delnied  either  hy  a  star-wheel  and 
pawl  or  other  means. 

A  number  of  manufacturers  have  placed  on  the  market  con- 
trollers that  are  giving  good  results,  and  in  most  resj)ects  comply 
with  tlie  above  recpiirements. 
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Motors  have  been  designed  to  accompany  these  controllers 
that  are  well  suited  for  application  to  machines,  in  so  far  as  their 
external  dimensions  are  concerned,  but  at  the  same  time  we  feel 
sure  that  the  electrical  manufacturers  who  are  willing  in  certain 
cases  to  depart  from  present  designs  will  gain  a  strong  position 
with  the  machine  builders. 

(4)     CONCLUSIONS. 

In  all  probability  a  paj)er  such  as  I  have  prepared  for  this 
meeting  of  electrical  engineers,  would  have  seemed  decidedly  out 
of  place  some  years  ago.  I  have  dealt  with  matters  which  would 
then  have  been  considered  the  business  of  the  machine  builder  or 
mechanical  engineer,  and  not  requiring  the  thought  and  study  of 
the  electrical  profession.  It  is  now  realized,  however,  that  the 
motor-drive  problem  presents  many  new  features,  and  is  a  distinctly 
different  one  from  the  manufacture  and  sale  of  standard  generators, 
for  example.  The  earning  power  of  the  latter  is  largely  dej)endent 
upon  the  design  and  workmanship,  features  that  can  bo  passed 
upon  before  the  machinery  leaves  the  works.  If  a  power  plant  is 
found  to  be  too  small,  more  units  can  be  readily  added  without  in 
any  way  interfering  with  those  in  use.  On  the  other  hand  the 
earning  power  of  a  motor  e(jui])iiient  for  individual  operation  of 
machines  drptMuls  largely  on  conditions  over  which  the  mannfac- 
tnrer  has  no  control.  Tlu^  continned  growth  of  this  department 
of  his  plant,  howt^ver,  is  governed  by  results  actually  obtained 
with  his  prodnct  under  working  conditions,  so  to  protect  himself 
he  is  calltMl  upon  to  see  that  the  ])roper  e(juij)ment  is  selected,  and 
if  possible,  advise  as  to  its  use.  As  far  as  the  customer  is  con- 
cerned, it  would  usually  l)e  better  for  him  to  close  his  eyes  and 
grasp  any  one  of  possibly  fonr  makes  of  apparatus,  devoting  his 
tinje  to  its  proj)er  installation  and  o])eration,  rather  than  reversing 
the  |)r()cess  as  is  so  often  done. 

The  conclusions  reached  above  concerning  the  motors  required 
for  the  OO-in.  lathe  are  sunnnarized  in  the  table  below: 

Weipht.  MIn.  R.P.M.  Max.  H.P.M. 

Field  weakening 2,o(K)  225                   787 

Three-wire  system 2,600  220                   770 

Four-wire  syHtem 2,H50  235                  820 


SIM 
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It  must  l>e  renieinhered  that  tbe  ability  of  these  motors  to  fill 
ths  imposed  conditions  was  not  determined  by  actual  test,  the 
data  being  the  recommendations  of  well-known  electrical  compa- 
nies who  manufacture  the  respective  types  of  apparatus.  These 
figures  should  at  least  make  it  clear  that  many  stateuients  con- 
stantly made  concerning  the  size  of  motor  recpiired  for  a  given 
horse-{)ower  and  spee<l  range  cannot  be  other  than  erroneous. 

I  pointed  out  above  the  conditions  which  must  l)e  met  by  the 
machine  builder  necessitatinij  the  selection  of  a  tyiH^  that  does  not 
require  for  its  operation  fij)eeial  auxiliary  ajiparatus.  While  motors 
operating  on  two  wires  and  giving  a  range  as  high  as  4  to  1  by 
means  of  field  weakening  do  not  at  present  give  as  g(K)d  all-round 
results  as  those  operating  on  the  multiple-voltage  and  three-wire 
systems,  we  feel  that  their  adoption  by  the  manufacturers  referred 
to  is  certainly  justified.  When  this  is  more  fully  appreciated  the 
electrical  companies  should  rapidly  achieve  better  results  in  this 
direction. 

The  customer  purchasing  for  his  own  use  should,  on  the  other 
hand,  dlj^mntntfr  flatrh/  Inftrrrtt  tlif  inarlilitr  hullih'ra^  rcquirc- 
inrtiffi  <nul  his  otrn^  for  in  many  cases  he  can  secure  more  satisfac- 
tory  resultii,all  things  consi(leri*<l,  through  the  adoption  of  a  system 
combining  with  iield  weakening  a  number  of  voltages. 
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Thermite,  which  is  mainly  a  mixture  of  finely  divided  alumi- 
num and  iron  oxide,  is  known  to  go  on  burning  spontaneously 
after  it  has  been  ignited  at  any  point.  This  fact  has  been  utilized 
by  Dr.  Goldschmidt  in  connection  with  a  number  of  further  dis- 
coveries and  inventions  constituting  the  body  of  quite  a  novel 
branch  of  chemical  science  to  which  the  name  Al umino-th^rtnics 
has  been  given.  In  its  spontaneous  combustion,  thermite  pro- 
duces temperatures  as  high  as  about  3,000°  (/.  The  iron  is  thus 
liberated  in  a  pure  state,  free  from  carbon,  a  slag  of  aluminum 
oxide  (the  so-called  artificial  corundum)  l)eing  formed  at  the  same 
time.  The  use  of  thermite  for  obtaining  castings  free  from  pores 
and  flaws  is  based  on  the  fact  that  the  material  is  able  to  burn 
without  requiring  any  supply  of  gases,  and  without  giving  rise  to 
the  formation  of  any  gaseous  products  in  the  reaction. 

The  action  of  thermite  on  metallic  baths  is  a  triple  one: — In 
the  first  place,  the  metals  produced  by  the  reaction  are  alloyed  to 
the  bath;  second,  til e  heat  of  reaction  of  the  thermite  is  trans- 
mitted to  the  bath;  and  third,  in  the  case  of  a  suitable  application, 
a  lively  intermixing  of  the  metallic  bath  will  take  place.  The 
thermite  is  introduced  into  the  liquid  metal  in  a  sheet-metal  box, 
so  as  to  produce  the  reaction  below  the  surface  of  the  fused  metal. 
In  the  case  of  cast  iron,  titanium  thermite  is  ustni,  which  is  a  ther- 
mite containing,  in  addition  to  aluminium  and  iron  oxide,  some 
titanium  oxide  intended  to  supply  to  the  fused  metal  a  certain 
amount  of  titanium,  when  any  one  of  the  three  effects  pointed  out 
above  will  be  produced. 

A  box  filled  with  titanium  thermite  (Fig.  1)  is  fixed  by  a 
wire  to  an  iron  bar,  the  latter  being  fitted  into  a  centrical  hole  in 
the  box.  The  bar  used  in  this  connection  should  be  fairly  free 
from  rust  and  perfectly  dry.  After  the  box  and  the  bar  have  been 
reheated  to  the  temperature  of  the  hand,  they  are  thrown  into  the 
metallic  bath  by  a  workman  whos(^  hands  are  protected  by  gloves 
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agaioBt  the  radiating  heat  from  the  surface  of  the  fused  metal . 
During  the  reac'tiuii,  the  bar  is  kept  vithiii  the  metal  as  motioDleas 
as  puscible.  After  the  thermite  box  has  beea  dipped  into  the  bath, 
the  ri-action  will  take  place  instantaneuiisly,  lasting  about  1  to  1^ 
minutes  in  regular  conreo;  it  is  manifested  externally  by  a  lively 
bubbling  of  the  bath,  resulting  in  a  mixture  so  intimate  that  it 
would  l>e  im[x>asible  by  the  nse  of  any  other  agent.  This  inter- 
mixing    is,  of  course,  at- 


tended  with  a  material  iin. 
provemeut  of  the  iron  it- 


pnnliici'il  liy  tbf  reaetiu 
uimvoiil;ililf  Icisn  liy  hr;it  rncii:iiicjii 
reduction  uf  the  ferro-oxides  dissol 


self,  any  differences  due  to 
the  variations  in  the  iron 
from  different  stages  melt- 
ed together  being  compen- 
sated  for.     The  irou  expert 
notice  at  once  in  the 
iquid  metal,  the  influence 
exerted  on  its  condition  by 
the  thermite  reaction.      In 
fact,  the  jet  flowing  from 
the  cujwla  furnace  onto  a 
pan    is    jterfectly   opaque; 
while    in    the  case  of    the 
iron  undergoing  the  tber- 
liiite  reaction,  the  jet  issu- 
ing  fruin   tilt!   pan    has  a 
cli-ar,     translncid     apjiear- 
;in.'e.     The  elfect    may  be 
ii..tia-d  also  fnnii    tlie  as- 
t  of  the  breaking  snr- 
fiH-l.  tlie  grains  of  tiie  iron  art- 
iron  has  a  n^mark- 
tig  graphite  films  becoming  so 
niiki'd  eye.     In  the  case  of  the 
reaso  in  temjierature 
:  than  a  simultaneous 
rease,  as  well  as  the 
bath,  will  materially 
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aiii^uieiit  the  liijiiidity  ef  tbe  molten  metal.  Finally,  the  cast  iron 
will  reeeiva  a  tertnin  addition  of  titaiiinni  from  the  reaction.  It 
is  not  safe  tostiite  whether  the  addition  of  titanium,  or  the  niechftn- 
ical  effect  of  the  reaction,  in  mainly  opierative  in  freeing  the  cast 
iroii  from  tbe  gases  dissolved.  It  is.  however,  a  fact  that  the  cast- 
ings are  freed  from  any  gas  they  may  contain.  Metal  mirfacea  that 
formerly  would  spit  continuously,  become  quite  iiiotionleBS  aft^r 
the  reaction  bas  been  prodnced. 

A  furtlier  property  of  titauiuni  is  tbe  fact  that  it  will  fix 
nitrogen.  In  the  case  of  the  liqnid  iron  containing  even  small 
niiionnts  of  titaainni,  the  latter  will  decompose  the  atmospheric 


lliti 


<«)  B.-[iin>.  I'll  ilorlnR,  (r-i  afn-rcivllnB  prniTis. 

;  fixing  the  nitrogen  it  <!ontains;  while  the  oxygen  is  made  to 
m  a  compound  with  iron,  which  is  dissolved  in  tb«  liijuid  metal 
ihont  uevesBitaling  any  furtlier  reaction,  Thii.  (.ueoiinta  for  the 
^feot  absence  of  |iorea  in  cast  inin  treated  with  thermite.  The 
ict  of  thermite  on  larger  steel  castings-  i-i  pn-venliiig  the  forma- 
a  of  flaws,  is  quite  analngons.  The  thermite  UHi-d  to  this  effect 
1  flpvcial  kind  known  as  ''Haw. thermite,"  which  is  made  to  act 
Rj  during  the  casting  process. 

In  Uie  steel  foundry,  the  formation  of  flaws  underneatb  the 

liug  funnel  is  known  to  t>e  a  serions  drawback.     The  ateel  rising 

tbe  interior  uf  the  casing  into  tbe  rising  funnels  bad   to 

a  the  whole  of  the  mould,  giving  off  on  its  way  a  largtt  nor- 
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liou  of  its  own  heat  to  tbe  colder  wuHs  of  the  mould.     Even  ia  il 
case  of  tlitf  f  rose -sect  ion  of  tlie  fuune!  being  very  great,  the  steel 
Hlliiig  tilt'  InttiT  wunid  therefore  in  many  cases  be  solidifitHl  tnorc 
rajiidly  than  the  steiel  io  the  Interior  of  the  casting,  thus  prevent 
ing  »ny  metal  from  the  fuDne]  retnrning  to  the  interior  of  tlie 


steel  fasting  to  Sll  nji  any  hollow  ronutHl  during  iht-  solidilicntion. 
This  would  result  in  Haws  being  formed  in  moat  cases  itnmedialely 


beneatli  the  naing  funnel. 

Instead  of  the  thermite  welding  proc< 
driea  to  fill  np  theBe  flaws,  it  is  mnch  mori 
trol  the  solidifying  protiess  of  steel  casting: 


ss  nsed  in  many  foiia> 
prat-ticablu  so  to  C 
by  the  nee  of  tbei 
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as  to  prevent  thefarmatio}},  ofjfaws.  Fig.  2  shows  a  simple  way 
of  effecting  this.  On  the  left  of  the  figure,  is  shown  a  portion  of  a 
steel  easting  monld,  into  the  rising  funnel  of  which  a  box  contain- 
ing thermite  has  been  fitted  before  the  casting  process.  The  steel 
rising  from  the  mould  into  the  funnel  will  traverse  the  central  hole 
of  the  thermite  box,  igniting  the  contents  of  the  latter.  As  will 
be  seen  from  the  middle  part  of  the  figure,  the  thermite  is  burned 
while  the  steel  fills  up  the  funnel,  i.  ^.,  beneath  the  surface  of  the 
liquid  metal,  thus  driving  the  whole  of  the  contents  to  an  ex- 
tremely high  temperature.  The  steel  in  the  funnel,  therefore,  re- 
mains in  a  liquid  condition  for  a  longer  period  than  the  one  within 
the  casting.-  As  shown  in  the  third  part  of  the  figure  {c)  any  flaws 
will  now  be  formed  at  a  place  where  they  are  quite  harmless — 
namely,  in  the  interior  of  the  rising  funnel. 

Another  use  of  thermite  in  boxes  is  illustrated  by  Figs.  3,  4, 
and  5,  where  the  manufacture  of  forgings  free  from  fiaws  is  illus- 
trated. In  Fig.  3  is  represented  the  cross-section  of  a  forging  block 
made  after  the  ordinary  process.  As  will  be  seen,  the  flaws  are  de- 
veloped greatly,  reaching  42  per  cent  of  the  depth  of  the  block.  If 
a  box  of  thermite  be  introduced  into  the  block  (see  Fig.  4)  at  so  late 
a  moment  as  to  allow  of  the  steel  throughout  the  block  passing  to  \\ 
plastic  condition,  the  thermite  reaction  is  started  instantaneously, 
when  the  mass  of  the  block  is  again  li(|uitied  throughout;  and,  the 
steel  filling  up  any  flaws  already  formed,  a  funnel  of  different  size, 
opened  upwards,  will  be  formed.  The  latter  should  be  filled  up 
with  liquid  steel  kept  ready  for  the  purpose,  whereupon,  the 
thermite  slag  rising  to  the  surface,  a  practically  perfectly  dense 
block,  having  only  small  flaws  at  most  on  the  uj)|)er  edge,  will  Ih» 
formed,  as  shown  in  Fig,  5.  Steel  blocks  of  enormous  weight  have 
thus  been  manufactured  free  from  flaws. 
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The  boy,  to  be  successful,  must  Iv  willinij  to  work  aiul  stmiv. 
He  must  have  ambition  and  common  sense.  lie  should  rt^lixe 
that  there  is  a  great  deal  for  him  to  learn  Ivfore  he  IxxHunes  n 
machinist.  He  should  have  at  least  a  ct>muion-schiK>l  tHluonlioiu 
He  has  a  good  education  if  he  has  been  tauirht  how  to  learn  and 
how  to  think  intelligently. 

He  must  be  mechanical.  If  not,  he  can  lHHH)mo  a  machine 
hand;  that  is,  he  may,  after  a  time,  l)et*onie  able  to  run  a  nuiohine; 
but  he  will  never  make  a  machinist  in  the  highest  sense  of  the  wonL 
He  should  be  on  time  at  his  work.  The  dock  will  jxo  faster  if  he 
does  not  watch  it,  and  he  will  do  more  and  better  work.  He  shotild 
study  mechanical  drawing.  lie  should  take  a  course  in  a  goinl 
correspondence  school. 

He  should  get  together  a  good  kit  of  nmeliinist's  tools  as  fast 
as  he  can  afford  it;  for  he  will  find  later  that  it  makes  a  very  poor 
impression  on  his  shopmates  and  foreman  if  he  has  to  Ixurow  IddIh 
for  the  first  job  given  him  in  a  new  shop.  Oigari'lte  nioin»y  can 
be  used  to  buy  tools  and  help  the  hoy.  (/igaretti's  helj)  the  tohai'eo 
trust  and  the  undertaker.  I  am  convinced  that  tlic^  Ixjy  who  has 
formed  the  habit  of  smoking  cigarettes  cannot  bt'conn^  n  gcMid 
machinist.  I  have  never  seen  a  boy  of  tliis  class  who  was  n<it 
stupid;  and  I  have  not  been  able  to  decide  whether  they  Mniokcd 
cigarettes  because  they  were  stupid  or  were  sinpid  becanwe  I  hey 
smoked  cigarettes;  but  I  do  know  that  th(^  hoy  who  hahilnally 
smokes  them  is  stupiil,  dnll,  listh^ss,  (hized,  und  nsrh^MM  in  a 
machine  shop. 

The  l>oy  should  not  be  discon raged  if  his  fonMiian  do««M  nof  at 
once  notice  that  he  is  the  brightest  boy  tliat  ever  ejurii'  into  a  f'ho|». 
He  should  give  the  foreman  alitth^  time.  It  will  li«*  notiei'ij,  if  ihiii 
is  so,  and  that  witliout  havinc  to  be  told  abont  it.  JI**  >'h<inl<l  n- 
meml>er  that  he  has  l>^*en  blessed  with  two  eves  and  two  earn  and 
but  one  tongue.     This  is  not  a  mistake  of  nat nn*. 
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He  should  try  how  well  he  can  do  the  work  given  him,  not 
how  much  he  can  do,  until  he  becomes  familiar  with  it.  He  will 
find  that  speed  will  come  with  practice.  Above  all,  he  must  be 
tliorough,  and  he  should  think  of  his  work.  He  should  remember 
that  the  men  in  the  shop  know  what  he  does  not  know.  He  will 
lose  nothing  by  admitting  the  fact.  He  should  be  obliging.  If 
he  shows  a  disposition  to  take  hold  and  help  when  needed,  he  will 
find  that  the  man  helped  will  help  him;  and  the  boy  needs  it  more 
than  the  man. 

He  should  take  at  least  one  good  trade  paper.  A  good  trade 
pajx^r  is  up  to  date.  The  new  work — the  work  that  men  are  doing 
to  day — is  l)eing  discussed  therein,  and  he  will  be  greatly  benefited 
thereby.  Mechanical  books  are  good;  but  the  trade  paper  is  better, 
because  the  machinist's  business  is  changing  so  rapidly — new  tools 
are  being  brought  out  and  old  ones  improved  to  such  an  extent — 
that  he  can  keep  in  the  procession  only  by  keeping  thoroughly 
posted.  In  doing  this,  the  trade  paper  will  be  of  great  assistance. 
He  should  read  the  advertising  pages.  He  should  make  a  col- 
lection of  manufacturers'  catalogues,  many  of  which  to-day  are 
good  books  of  reference. 

The  boy  should  apply  in  person  for  a  position.  A  dear  old 
lady  once  called  upon  me  to  rrct  a  position  for  her  boy.  Aft^rher 
description  I  was  surprised  when  he  showed  up.  lie  said  his  name 
WHS  ''AVillie/'  lie  was  nearly  six  feet  lonrj  and  a  few  inches  wide. 
He  was  a  dear,  (jfood  boy;  hut  lie  eould  not  stand  the  good-natured 
ehaff  of  the  other  hoys  in  the  shop,  and  went  back  to  his  mother. 
He  was  a  veritahle,  iri'itahle  mother's  boy. 

Thr  hoy  will  not  he  n;iven  trood  work  at  first.  The  way  to  get 
cood  work  is  to  do  well  what  is  iriven  him.  The  foreman  can 
judtre  of  his  ability  only  by  the  manner  in  which  the  work  ifiven 
him  is  (lone;  and  he  mav  be  eertain  that  he  will  not  be  trusted  on 
better  work  until  he  has  shown  that  he  is  worthy  of  the  confidence. 
The  new  appn^itiee,  in  many  shops,  has  to  keep  the  fioor  clean. 
He  should  remember  that  oily  waste  and  sweepincrs  are  more  liable 
to  eateh  lire  when  at  tin*  bottom  of  a  barrel  than  on  the  fl(X)r,  no 
matter  what  is  on  top  to  hide  them.  He  should  k^ep  the  floor 
clean  under  the  benelu^s.  I  am  always  willing  to  risk  the  middle 
of  the  fioor  if  the  boy  will  clean  the  corners.     The  oil  that  goes  on 
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the  tloor  is  wasted.  It  is  not  necessary  to  give  every  part  of  the 
nia)chine  a  bath,  although  it  may  be  so  dry  that  it  is  screeching  for 
a  drink.  Oil  should  go  on  the  bearing  surfaces,  and  it  will  not  go 
there  if  the  oil  holes  are  plngged  with  dirt. 

If  running  a  lathe,  he  should  not  keep  the  feed  just  fast 
enough  and  coarse  enough  to  escape  the  criticism  of  his  foreman. 
A  machine  tool  should  not  be  abused;  but  it  should  be  run  to  its 
fullest  capacity.  In  roughing  out  work,  care  should  be  taken  to 
leave  stock  enongh  to  finish,  but  not  enough  to  make  more  cuts 
than  are  absolutely  necessary.  AVork  held  in  a  lathe-chuck  should 
be  supported  if  it  stands  out  far  enough  to  prevent  taking  a  gmxl 
chip  without  danger  of  breaking  the  tool.     It  will  save  time  togt»t 

the  steady  rest  on  it. 

« 

In  running  a  planer,  the  tool  must  have  time  to  drop  l>ack 
into  position  for  cutting.  On  tine  work,  enough  space  should  Ih» 
allowed  for  the  planer  platen  to  start  back  smoothly  In'foiv  the  tiH)l 
touches  the  work;  but  the  platen  should  have  rush  orders  to  get 
back  and  do  something.  The  boy  is  not  earniiiix  money  while  the 
planer  tool  is  cutting  air.  He  must  think,  on  planer  work,  not 
how  many  straps  can  l>e  used,  but  how  few;  but  enough  must  be 
used  to  hold  the  work,  and  they  must  he  so  arranijeil  that  thewt>rk 
is  not  sprung  out  of  8haj)e.  The  t«x)ls  must  he  kept  shar|>  and  in 
good  condition. 

A  hole  cannot  be  tapped  out  the  size  onlered  if  drilled  the  full 
size  of  the  tap.  A  one-inch  drill  will  not  drill  a  one- i noli  hole  if 
the  point  of  the  drill  is  ground  a  sixteenth  of  an  inch  oil  the  et»nter. 
The  operator  should  not  drill  full  size  into  the  work  before  finding 
out  whether  or  not  the  drill  is  cuttini^  where  lu»  wants  \\\o  l»oK^ 
A  twist  drill  may  make  the  hole  just  where  it  is  wanted  wiiluMit 
running  off  on  one  side;  but  if  the  operator  is  not  <lrilling  ihron^h 
a  bushed  fixture,  he  had  better  tind  out.  lie  ean  eluinm'  il,  and 
make  a  good  piece  of  work,  only  if  it  is  done  before  the  diill  cuts 

full  size.     This  mistake  is  made  every  day,  and  it    is  one   iiiiH-t*  t»f 

»■        •  i 

carelessness  for  which  there  is  no  excuse.      It  is  tln^operator's  bus 
iness  to  know,  not  to  guess,  that  it  is  all  right;  and  tlu»  faet  that  it 
was  center- puncheil  and  laid.out  all  right  does  not  |)rt»vt»nt  tluMlrill 
from  running.     A  tap  will  not  go  any  further  after  it   has  struck 
the  bottom  of  the  hole.     AVe  have  all  j)rove4  it.     Tln^  l>ov  HJitiuld 
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not  try  it.  He  may  have  more  pieoea  when  he  gets  through,  bnt 
he  will  wish  he  had  but  one  before  he  gets  the  broken  pieoea  bat 
The  boy  can  not  ream  a  hole  one  inch  if  he  has  drilled,  it  an  indi 
and  a  thirty-second,  and  he  can  and  will  do  this  with  a  drill  the 
right  sise  for  the  reamer,  if  he  is  not  attending  strictly  to  bnainess. 

The  boy  should  not  make  excuses.  It  does  him  no  good  to  tdl 
his  foreman  that  he  "did  not  think  of  that."  He  is  paid  to  think 
of  what  he  is  doing,  and  he  will  never  amount  to  anything  if  he  does 
not  think.  The  machinist  who  has  graduated  from  a  lai^  well- 
equipped  shop  is  in  many  cases  at  a  disadvantage  when  compared 
with  the  man  who  has  learned  his  trade  in  a  large  job  shop;  because 
the  job-shop  machinist  seldom  has  everything  to  work  with  and 
must  devise  means  and  fixtures  for  nearly  every  piece  of  work  given 
him.  He  learns  to  think,  and  to  think  quickly  and  intelligently. 
He  cannot  go  to  the  tool-room  or  stock-room  and  get  tools  or  ma- 
terial for  every  job,  and  he  must  depend  largely  upon  his  own  re- 
sources. There  is  no  time,  on  most  repair  work,  to  get  out  draw- 
ings  or  patterns,  fixtures  or  tools.  The  work  must  be  done,  aud 
done  at  once.  The  customer  is  there  waitinjg  for  it;  flhd  often  the 
whole  shop  knows  it,  as  his  factory  may  be  shut  down  at  a  great 
loss.  f'^  f. 

In  tlio  Hiimll  shop  or  job  shop,  the  man  must  l)e  capable  of  do- 
ing his  own  thinking;  and  the  boy  starting  in  a  job  shop  is  gener- 
ally put  helping  the  older  hands,  and  has  a  better  chance  to  see  and 
learn  how  the  work  is  done.  In  the  large  shop,  a  great  deal  of  the 
planning  and  thinking  is  done  for  him;  he  is  supplied  with  all  the 
special  tools,  lixtures  and  drawings,  so  that  if  he  is  a  good  machine 
oj)erat()r  he  can  do  good  work;  but  he  can  not  do  it  alone.  He  is 
part  of  a  machine,  and  is  at  a  loss  when  anything  new  or  irregular 
comes  up.  In  a  large,  up-to-date  shop,  he  learns  the  use  of  modem 
tools,  and  sees  more  of  the  new  methods  and  fixtures  for  turning 
out  go(Kl  work  (juickly  and  cheaply;  Imt  he  does  not  get  the  variety 
of  work  he  would  in  the  smaller  shop,  and  is  therefore  more  apt  to 
beome  a  s|)ecialist  on  some  particular  machine — that  is,  more  of  a 
machine  operator  than  a  machinist  in  the  largest  sense — l>ecause 
econoni}'  in  production  comes  from  keeping  a  man  on  the  same 
work  so  that  he  becomes  expert  in  that  line.  Therefore,  in  the 
large  shops,  we  are  more  apt  to  find  lathe  bands,  planer  bands,  mill- 
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ing-niackine  and  drill-press  hands,  and  so  on,  than  the  regular  all- 
round  machinist.  Of  course  it  is  much  easier  to  become  expert  on 
one  machine;  but  the  young  man  we  have  in  mind  is  ambitious, 
and  does  not  intend  to  be  always  holding  down  a  job  for  day's 
wages.  He  wants  a  position  with  a  salary  attachment,  and  there- 
fore he  should  endeavor  to  obtain  a  working  knowledge  of  every 
part  of  the  machinist's  trade.  He  cannot  afford  to  overK>ok  any 
part  of  it.  He  should  know  how  to  do  the  work  himself  to  be  able 
to  direct  others  later;  and  he  will  find  that  moulding,  pattern - 
making,  sheet-iron  work,  blacksmithing,  and  a  number  of  other 
trades  are  so  closely  allied  with  the  machinist's  trade  that  he  should 
take  advantage  of  every  opportunity  to  become  familiar  with  all  the 
mechanical  trades.  He  will  need  it  all  later;  and,  once  obtained 
it  is  easily  cmried  from  place  to  place,  with  nothing  to  pay  for 
excess  baggage.  He  should  study  steam  and  its  properties,  thus 
becoming  familiar  with  the  steam  engine  and  its  wonderful  sim- 
plicity and  etBciency;  gas  and  the  gas  engine  and  its  wonderful  ec- 
centricities; electricity  and  its  vivid  unexpectedness.  In  fact,  the 
avenues  of  knowledge  which  open  up  and  radiate  from  a  study  of 
the  machinist's  trade,  impress  upon  us  the  comparatively  small 
amount  of  knowledge  ^'-  is  possible  to  acquire  in  a  lifetime. 

The  boy  will  never  have  learned  it  all  in  the  machinist's 
trade.  It  will  take  him  years,  perhaps,  to  find  out  how  little  he 
knows;  but  after  he  does  learn  this,  if  he  is  the  right  kind  of  boy^ 
his  progress  will  be  rapid.  The  machinist's  trade  is  hard  work  in 
some  respects,  but  extremely  interesting.  He  will  get  his  hands 
soiled,  but  the  money  is  clean  and  honestly  earned. 

The  man  who  claims  that  he  is  doing  all  he  is  getting  paid  for 
and  will  work  hard  to  do  no  more,  is  generally  paid  for  more  than 
he  does,  and  is  at  a  standstill  as  far  as  promotion  is  concerned. 
He  is  liable  to  be  out  of  work  a  good  part  of  his  time,  and  abuse 
of  the  foreman  who  discharged  him  does  not  help  him  to  get  another 
position.  It  is  the  cheap  man  who  is  always  looking  for  work — 
the  man  who  cannot  stand  alone,  and  who  must  have  some  one  else 
to  do  his  thinking  for  him.  To  the  boy  who  is  just  starting  at  the 
foot,  the  top  of  the  ladder  may  seem  a  dizzy  height;  but  if  he  will 
work  and  think,  giving  his  whol^  mind  to  what  he  is  doing,  he  will 
soon  find  that  the  rungs  are  not  far  apart  and  that  many  of  them 
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are  already  below  hiiu.  Also,  that  each  step  accomplished  makes 
the  next  one  easier.  The  world  owes  him  a  living;  but  this  is  not 
an  asset  unless  he  hustles.  He  should  not  be  too  anxious  about 
the  amount  of  his  salary  at  first.  All  through  life  he  will  get  less 
than  he  thinks  he  is  worth.  lie  may  be  worth  less  than  he  thinks, 
although  not  worthless  by  any  means.  A  man  has  to  earn  more 
than  he  receives  before  he  can  get  more;  the  greater  he  makes  this 
difference,  the  greater  will  be  the  increase  when  it  comes,  and  the 
more  apt  it  is  to  come.  He  should  get  into  the  habit  of  proving 
all  that  he  does;  and  this  habit  should  enable  him,  not  only  to 
know  when  he  is  worth  a  larger  salary,  but  to  prove  it  to  his 
employer. 

The  good  machinist  is  seldom  out  of  employment;  and  while 
the  average  rate  of  wages  is  less  than  in  some  other  trades,  he  has 
steady  work  and  is  inside,  so  that  he  does  not  lose  time  and  wages 
on  account  of  the  weather.  An  encrineer  is  w^orth  more  if  he  is  a 
machinist  and  can  do  his  own  repairs,  or,  in  larger  plants,  oversee 
them  and  know  that  the  work  is  done  correctly.  A  thoroughly 
g(K)d  machinist  has  learned  to  take  nothing  for  granted,  and  knows 
that  '^eternal  vigilance  is  the  price  of  good  work."  For  this  and 
many  other  reasons,  his  training  fits  him  for  positions  of  responsi- 
bility; and  tht^  chances  of  successful  careers  for  bright,  capable  boys 
are  better  to-day  than  ever  before  in  the  niaeliinist  business.  One 
of  the  hardest  tliiiiij^s  in  life  is  tlio  fact  that  a  man  has  to  have 
years  of  experienee  JH'fore  lie  is  willing  to  admit,  even  to  himself, 
the  magnitude  of  his  ignorance.  It  is  only  the  very  young  who 
know  it  all.  The  young  man  of  twenty  is  willing  and  anxious  to 
give  advice;  tlio  man  of  forty  is  willing  to  pay  to  get  it,  but  he 
seeks  it  from  men  of  experienee. 

In  the  line  of  invention,  the  op])ortunities  are  greater  than  in 
any  other  ])usiness.  The  maehinist  may  obtain  j)atents  for  his  in- 
ventions, which,  when  assigned  to  his  employer,  may  be  worth 
thousands  of  dollars  to  the  latter,  and  this  often  without  losing  his 
position;  while  ho  has  the  satisfaction  of  knowing  that  his  inven- 
tions have  advanced  the  interests  of  his  em])loyer  if  not  his  own. 
And  you  know  we  are  taught  that  it  is  not  right  for  the  employee 
to  be  too  seltish.  The  inventor  has  probably  done  more  for  the 
world  and  less  for  himself  than  any  other  individual.     And  this  is 
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none  tbe  less  true  becanse,  when  the  patent  is  allowed^  he  nsually 
wants  an  even  million  dollars  for  it.  Many  inTentors  still  want  it. 
The  world  owes  more  to  the  machinist  than  is  generally  reial> 
,  ized.  The  splendid  position  of  the  United  States  in  the  world 
to-day  is  lai^ly  due  to  her  machinists^  who,  by  their  special  tools 
and  labor-saving  machinery,  designed  and  built  by  machinists, 
have  made  it  possible  for  her  to  compete  successfully  with  foreign 
manufacturers,  and  have  enabled  her  to  sell  and  to  deliver  to  all 
parts  of  the  world,  freight  paid,  manufactured  products  at  a  less 
price  than  the  cost  of  manufacture  would  be  in  those  places,  and 
this  at  a  fair  profit.  The  unfair  profit  is  obtained  by  charging  her 
own  citizens  a  higher  price,  and  allowing  them  to  jmy  the  freight. 
The  fact  that  we  can  build  better  bridges,  build  them  cheaper,  and 
deliver  them  on  time — and  tbe  time  about  half  what  other  countries 
require — is  largely  due  to  our  labor-saving  machinery.  The 
Oregon^  the  rapid-fire  gun,  the  bicycle,  the  horseless  carriage,  the 
steel  sky-scraper,  the  Brooklyn  bridge,  the  locomotive,  the  sewing- 
machine,  have  all  been  made  possible  and  practicable  by  the  ma- 
chinist. In  fact,  it  would  he  next  to  impossible  to  mention  any. 
thing  manufactured  that  does  not  depend  more  or  leas  for  its  excel- 
lence upon  the  machinist.  lie  manufactured  the  article  in  queH- 
tion,  or  he  made  the  machine  that  manufactured  it;  and  ho  do- 
signed  and  made  the  tools  that  made  the  machine  ])()ssi])le. 

There  is,  perhaps,  no  other  trade,  and  vt^ry  fi^w  professionH^ 
that  require  the  high  order  of  intelligence,  the  study,  the  applica- 
tion,  the  real  hard-headed  common -sense,  the  surgeon's  (h^licacy  of 
touch — for  instance,  in  the  fitting  of  fine  work    -that  th(»  macliin 
ist's  trade  demands  to  give  the  excellent  work  and  the  int<^rchttngM 
ability  of  parts  found  in  the  mo(KM*n  rifieor  Hi'wing-rnacliine.     'i'hn 
range  of  his  work  is  from  a  ucmmIIo  to  a  batth'Hhip;  from  antomati<f 
machinery  that  ''would  talk  French  if  it  had  one  inonj  moviirnent" 
to  measuring  machines  guaranteed  not  to  vary  rnoro  than  the  fifty 
thousandth  part  of  an  inch  from  tin*  abKolut»\     Thiw  jin*<*iMion  will 
perhaps  be  better  appreciated  when  it  in  n-rnemlxfred  that  one  hnn 
dred  and  fifty  times  this  limit  of  variation  in  only  equal  to  tlio  di 
ameter  of  the  average  human  hair      Standard  \M\\i  aur)  rin^  \ij^M^y^. 
to  take  a  specific  example,  are  ho  a/'/ruraUfly  fiit^'d  to  irJi^'h  oiIkt 
that  the  exrian-ion  due  to  the  warmth  of  the  hand,  if  the  pbig  \m 
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held  in  it  for  a  few  moments,  will  make  it  impossible  to  insert  the 
plug  in  the  ring;  while  if  the  ring  be  expanded  in  the  same  way, 
the  plug  will  drop  clear  through  it. 

When  the  machinist  has  become  skillful  enough  to  fulfill  the 
above  requirements,  he  may  receive  from  $2.50  per  day  up  to  what- 
ever he  can  make  himself  worth  and  prove  it.  The  wonderful  ac- 
tivity in  manufacturing  at  the  present  time  will  increase  owing  to 
the  growth  of  the  United  States;  or  the  growth  of  the  United 
States  will  increase  owing  to  the  wonderful  manufacturing  activ- 
ity .  Whichever  way  you  look  at  it,  machinists  will  be  in  demand; 
and,  although  we  have  so  many  first -class  men,  the  demand  for 
really  good  men  is  greater  than  the  supply. 
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One  of  the  m<»t  int4-iv«EiDg  luoderD  applicaiiuns  of  cWtrieitv 
is  its  nse  iu  (MHiDeciion  witb  fits^t  ruin  ague  ts  fur  tiie  lifting  of 
loads.  Au  apparently  iminaiariKl  altt^raiion  in  tlie  construction 
of  cranes  and  traveling  platforms  in  foundries,  steel  works,  rolling 
mills,  blast  furnao«  plants.  ^.>:c.,  wliere  ]oa<is  Lad  formerly  to  t>e 
lifted  \)\  Looks,  Las  resulted  in  a  saving  of  labor  and  in  an  in- 
creased etticiencj'  of  operation  wLerever  eleclroniagnets  have  l>een 
resorted  to  in  tLe  course  of  tbe  last  few  years. 

Whereas  Aiuerifau  eonstmctors.  wbo  first  devised  tliisuae  of 
electricity,  employed  electromagnets  witb  open  coils,  IJelgian 
fintiH,  and  iu  the  first  place  tbe  International  Electric  Kiigineering 


Coinjiany  of  Li<'ge,  prefer  enclosijig  Llw  i^.ii.,  itiii.j..i  :.  1  i,  n'l  as  to 
enable  tLem  to  be  used  without  any  iocoMPenience  in  tLe  ojven  air, 
wLile  obtaining  an  efKcient  mechanical  protection  a^ninitt  any 
kind  of  mechanical  injury  to  wLich  tbeyare  liable  to  lie  ei\Hm-\. 
It  may  l»e  said,  however,  that  the  conatruction  of  hucIi  itlix-tro 


ELECTRIC  LIFrmG  MAGNETS 


ntagnets  for  lifting  ht-ftvy  pit^oes  of  iron  and  stofl  has  always  lif- 
ftrtii  arrious  diSiciiltiea  nnd  that  only  a  few  constructors  have  Ijwn 
ivalty  fiucceaefol  m  designing  a  satisfactory  type  of  apparatns. 
The  Imernational  company,  who  made  a  specialty  of  the  construe- 
lion  of  electrically  driven  cranes  fur  use  in  iron  and  att-el  works, 
eic,  paid  iiuu-h  attention  to  the  problem  of  lifting  magnets,  and 
fventuftHy  obtained  rather  satisfactory  results  in  this  line  By 
llio  courtesy  of  that  company  we  reproduce  illustrations  of  a  fnv 
of  its  tu:ignutB. 

One  of  the  main  advantages  afforded  by  electriu-lifting  maiz- 
neta  is  the  saving  jnst  referred  to  in  time  and    manual    laVwr. 


When  attaching  the  load  to  the  hook  of  the  urauo  by  means  of 
ropes  or  cliains,  the  services  of  at  least  two  men  were  required  itn 
the  handling  of  heavy  pieces.  Now,  the  electromagnet  does  awiii 
with  both  the  rojtes  and  the  men  to  tix  them,  all  the  operations 
Iwing  carried  out  by  the  driver  of  the  crane.  He  it  is  who  lower? 
the  magnet  on  to  the  piece  of  metal  to  be  lifteil  and  excites  it  by 
means  of  the  switch  which  ia  placed  in  his  cabin.     "When  tlin 
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loa<l  reaches  llie  place  when»  it  is  desirvd  to  drop  it,  th<>  driver 
lotrers  the  iiiatrnet  and  finally  cuts  off  tbe  current. 


The  time  occupied  in  picking  up  the  load  with  magnets  i 


■  short;  in   fact,  two  or  three  feecoiida  ai-e 
tht!rt»  ia  an  enoniions  saving  in  this  respect,  wiiilo  ilif  perforii 
of  a    given  crane  ia  iimterially  increased, 
the  result   being   that   the  works  can   1h' 
rnu  with  fewer  cranes. 

The  greater  constuiiption  of  power 
which  is  doubtless  connected  with  thia 
additioinil  use  of  electricity  is  quite  an  iii- 
aigniticant  item,  as  a  magnet  capahle  of 
suspending  two  and  one-half  tons  requires 
only  about  750  watts. 

Tlie  International  conipanj'a  magnets 
are  mostly  of  two  kinds,  represented  in 
t'igS.  1  and  2  respectively.  The  kind 
seen  in  Figs.  1  and  3  serves  for  the  hand- 
ling of  sheets  and  ingots,  while  the  other  !*.«ti.-t 
tyjie  ia  used  in  connection  with  girders  and  tlie  like.  The  first 
tyjie  is  an  electromagnet  where  the  inag;,elic  circuit  is  formed 
by  an  internal  core  and  an  external  bell-shaped  cover  and  is  coni' 
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pleted  by  the  piece  to  be  lifted.  The  other  type  seen  in  Fig.  2 
is  composed  simply  of  two  single  type  magnets  fixed  one  at  each 
end  of  a  beam,  suspended  in  the  center  from  the  crane  hook.  Fig. 
4  shows  the  magnet  as  it  appears  when  ready  for  fixing  to  the 
crane. 

It  may  be  mentioned  that  the  magnets  can  be  used  also  for 
lifting  very  hot  pitH»es  of  metal,  which  makes  them  especially  use- 
ful in  foundries,  rolling  mills,  etc.  The  current  is  supplied  by 
two  parallel  wires  extending  the  full  length  of  the  crane,  connec- 
tions to  them  being  made  by  contact  pieces  fixed  to  the  crab. 
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Since  the  adTent  of  indiiidicfcl  Biocor-^irrv^*!!  miK&I^e  ^>:U. 
the  successful  sppIicfttioQ  of  nuigQ«^c:c  cli:cfcjrf  Lis  :!:*:•*  {'«.>^^^^  "r 
the  operation  of  an  entin?  mjchioie  shoz'  Lixict-niz^  "wLioh  ::  n.iv 
be  said — "There  is  neither  line  *ha5:.  ccrfi::>rr-*hAf:»  r.or  *:«rl: 
therein." 

Tlie  utilizmtion  of  magrnetie  cI:::oLr^  :::  crrr.-^  jlcizrrs  :::v< 
made  a  decided  difference  in  iLt:  r^-y.z.*.::.'..'^'.  Kirrz^z'.oz^  of  ::.->r 
machines,  as  it  has  incneas^I  the  ou:;  u:  *'v  ry.ak:::^:  fKx^<^  !e  ^ 
variety  of  speeds,  the  operator  liriL;^  r:.:%:''.^-i  :•  ••^ahv^v  ::.e  s:-^^-; 
to  suit  the  work.  The  pbiners  can  h^  nn  a:  a  ri.uvh  Liixlur  <i^x>: 
than  formerly,  as  there  are  no  belts  to  s'.ip  or  r-irr..  :\:.J,  in  5<v:;r 
ing  high  speeds  on  belt-driven  p'aners.  zht^  l-^'ts  woiiM  h:ive  to  :h' 
made  so  heavy  that  considt-ral»:e  «ii!Mci;!:v  wouM  ':^:^  exp^^rieiuwl 
in  shifting  them.  Magnetic  eluroht-s.  iiiorrovt-r.  :^!v  very  |xv<iti\o 
in  their  operation,  so  that  it  is  p<Js^iMe  Im  work  vt»ry  oloso  tv>  u 
shoulder  or  offset.  A  test  was  iiiatle  on  a  '•••-inch  p'anor  l>y  sii 
ting  it  so  that  it  would  run  the  t«MiI  within  l-i>*2  ii.cli  of  a  shotiUhr; 
one  hundred  strokes  were  made,  and  the  reverse  d'ul  not  \aiN 
enough  to  allow  the  tool  to  touch. 

In  using  these  clutches,  a  machine  ean  ht»  thrown  out  of  aeiion 
from  any  number  of  points  at  any  distance,  dependini^  on  lht»  num 
ber  of  switches  placed  in  the  clutch  circuit.  The  eurrt^nt  rtM|uiieil 
by  the  clutches  is  surprisingly  small  eonsiilerint^  the  nniovmt  of 
power  transmitted;  on  a  certain  planer  it  reijuired  only  .To  unipt^re 
to  pull  two  cuts  throucrh  cast  iron,  each  beiiii^  W'A^l  in  eh  \  VV^  ineh, 
at  the  speed  of  14  feet  8  indues  ])er  minute.  Thin  evil  lUien  not 
really  indicate  how  much  the  elulehes  will  ])ull  as  it  Ih  jUHt  \\\o 
ordinary  work  accomT)lished  hy  the  maehine  inentiiHUMl.  i^nnof 
the  clutches  in  use  on  this  planer  wan  teHteil  hy  jMiltiu^  ii  Hlialn 
of  60,000  pounds  on  it  in  an  attempt  to  neparale  tlio  iirinaturit  fioiii 
the  magnet,  llow  much  more  than  thin  it  wnuM  havo  Biieeenn 
fully  withstood,  cannot  1)0  stated,  aH  tin*  parties  mukiiij^  thu  tottt 
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would  not  jmt  any  gi-eait^r  etraiii  on  tlmir  appKratus,     This  teat 
was  made  on  a  4)3-iiii'h  cliiU'ti. 

In  the  accompanying  illuBtration  of  a  30. in.  x  36-in.  planer, 
it  will  be  noticwl  tliat  tlwre  are  ibree  gmirs  of  ilifferent  diatoeUM<| 
on   the  lefl-liand  duldi,  and  tiieru  is  a  field  rlieustat  on  the  sidit  C 
tlie  honsing  of  the  planer;  this  will  gire  three  different  speeds  b^ 
changing  the  gearing,  and  a  variety  at  intermediate  speeds  froifl 
tield  regulation  on  the  driving  motor.     The  driving  memlie 
this  case,  is   an    ordinary  shnnt-wunnd  niottir  driving  a  juii 
eintchcs  thrtingh  what  ia  known  as  a  "tive-gear  ri'Verrii-.''     Th< 


Fond  plauerB.  MxSS-lncbi  Op«riiled  by  Magnetic  ClaMbca, 
right-hand  eUitch  controls  the  return  of  ihe  platen;  atid,  as  th4 
driving  and  driven  gears  are  of  about  tlie  same  size,  ft  very  htgla 
Bpeed  is  obtained. 

A  magnetic  brake  is  shown  at  the  right  of  the  clntdies,  aud 
is  a  very  important  adjunct  to  this  ei|nipinent;  should  thp  planei 
he  working  very  close  to  the  limits  of  its  stroke  and  the  power  FailJ 
the  platen  c;innot  drift  beyond  safe  limits,  as  the  brake  will  set  anS 
stop  the  machine  instantly.  The  brake  also  comes  in  very  handj; 
in  setting  up  work,  as  the  operator  can  depend  mjmju  it  to  stop  tti4l 
instant  he  opens  the  switch. 

Magnetic   clutches    have    hei^n    very  snccessfully  applit<d  I 
machinee  for  tapping  ont  pipe  liltings;  in  these  machinee  the  tapi 
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'  are  run  in  a  certain  ttistauee,  and  tben  reversed  to  run  them  ont. 

I  The  tapping  machiues  run  at  aiifli  high  BjwefU  that  ordinary 
mechanical  or  friction  clutches  will  not  stand  up  to  the  work,  or, 
if  the  clutch  ia  iiiadti  heavy  and  positive  eoonph  to  do  the  work, 
it  soon  tears  the  macLine  to  pie'jes;  every  lime  the  mechanical 
da  tehee  would  reverao,  ihe  jarwonld  affect  the  entire  ehop.     Since 

I  m^iietlc  clutches  havo  beeu  applied,  however,  the  iiiachiuea  reverse 

(  so  noiselessly  that  it  is  necessary  to  watch  them  closely  to  tell 
when  the  rever^iii^i  .k'cih-k.     T!ie  line  shaflinu  in  shops  an.l  mills 
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Bwitch  located  anywhere  in  the  shop,  or  from  any  oue  of  a  number 
of  points,  as  might  be  desired. 

Magnetic  clutches  can  lie  bo  arranged  in  cooneiction  with 
connter-shafta  that,  instead  of  nsiiig  a  belt  shifter,  a  small  switch 
fHstf  ned  to  the  machine  is  all  that  the  operator  will  have  to  move. 
By  this  arranffenient  the  coimtep-shaft  does  not  have  to  lie  located 
directly  over  the  machine,  as  is  the  common  pratillce  at  present. 
This  system  of  clutches  is  almost  ideal  for  use  in  cotton  or  woolen 
mills,  where  it  is  ahsolulely  necessary  to  stop  »  loom  instantly 
ebonld  a  thread  break  in  the  weaving.  It  requires  very  little  force, 
ftnd  but  an  instant  of  time,  to  set  or  release  a  magnetic  clutch; 
And  it  doee  not  rec^uire  any  more  exertion  to  Bet  a  large  clutch  thaa 
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It  does  to  set  a  small  one;  in  either  case  it  would  require  about  the 
same  effort  as  to  switch  on*  or  off  an  ordinary  incandescent  Limp. 
ISesidnal  magnetism  has  been  the  great  bugaboo  in  most  of 
the  attempts  to  use  magnetic  clutches,  but  this  source  of  trouble 
has  been  eliminated  so  that  their  positive  operation  can  be  depend* 
ed  on.  There  is  hardly  a  limit  to  the  amount  of  power  that  can 
be  transmitted;  and,  considering  the  ease  with  which  magnetic 
clutches  can  be  operated,  it  seems  that  there  is  a  great  field  for 
them  when  they  come  to  be  thoroughly  understood.  As  they  have 
already  proven  very  practical,  any  person  with  mechanical  ideas 
and  a  little  ingenuity  can  see  many  more  uses  to  which  they  can 
be  put  than  those  mentioned  here. 
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THE  IDEAL  FOREMAN. 

Qualifications  Requisite  for  His  Hig:hest  Success. 


Any  attempt  to  outline  an  ideal  is  apt  to  be  met  with  many 
differences  of  opinion,  if  not  actual  denials.  One  reason  for  this 
difference  of  opinion  is  found  in  the  fact  that  ideals  are  always  on 
a  sliding  scale  The  ideal  of  to-day  becomes  the  realization  of 
to-morrow,  and  the  point  of  view  depends  uj)on  how  far  up  the 
ladder  of  idealism  the  observer  has  advanced.  To  borrow  an 
illustration  from  the  shop,  probably  every  workman  remembers 
that  on  entering  the  factory  as  an  a])prentice,  his  boyish  ambitions 
were  centered  on  advancing  to  a  position  occupied  by  some  work- 
man well  up  the  line,  who,  in  the  opinion  of  the  apprentice,  was 
better  dressed  and  had  an  easier  task  than  his  fellows.  In  the 
course  of  time,  if  the  young  man  was  ambitious  and  persevering, 
he  probably  occupied  this  or  a  similar  position,  and  then  found, 
to  his  dismay,  that  his  ideal  had  changed,  and  that  he  now  looked 
forward  to  occupying  the  position  held  by  the  foreman  or  superin- 
tendent. In  other  words,  viewed  from  the  ])()int  of  attainment,  an 
ideal  is  a  will-o'-the-wisp,  always  keeping  just  beyond  our  reach. 
It  is  well  that  this  is  so,  for  there  is  no  human  failure  so  complete 
as  the  man  who  is  entirely  satisfied  with  himself. 

From  another  point  of  view  the  ideal  is  a  mova])le  feast, 
because,  to  quote  an  example  from  our  subject,  the  ideal  foreman 
of  the  apprentice  is  not  that  of  the  skilled  mechanic,  while  the 
views  of  the  owner  on  this  subject  are  almost  sure  to  be  at  vari- 
ance with  those  of  any  of  the  workmen.  We  can  readily  appre- 
ciate how  the  bright  boy  idealizes  the  man  who  treats  him  kindly 
and  who  gives  him  an  ()pjK)rtunity  to  learn.  The  lazy  boy  feels 
kindly  di^j posed  toward  the  foreman  who  gives  him  an  easy  task. 
The  poor  and  careless  workman  wants  a  foreman  who  will  pass 
work  which  is  not  a  credit  to  the  craft,  and  who  is  blind  to  the 
evils  of  laziness  and,  possibly,  to  those  of  the  drink  habit.  The 
skilled  workman  asks  nothing  of  a  foreman  but  to  be  treated  like 
a  man,  to  l)e  given  a  proper  share  of  the  desira])le  work,  and  to  l>e 
allowed  to  work  out  his  own  salvation  along  th(»8e  lines.  The 
owner  looks  to  his  foreman   to  make  money  for  him.     In   many 
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cases,  he  expects  him  tc  make  more  money  than  the  capital 
invested  and  the  methods  pursued  will  warrant.  This  means  that 
the  foreman  is  expected  to  crowd  the  workmen  to  the  limit,  and  to 
ke^p  both  the  plant  and  the  help  as  near  the  breaking  point  as  it 
is  possible  to  carry  them.  Some  owners  and  managers,  however, 
are  content  with  a  reasonable  return  on  their  property,  pursue 
up-to-date  methods,  and  give  to  the  workmen  some  thought 
beyond  their  mere  capacity  to  earn  dividends.  It  is  to  be  regretted 
that  men  of  this  type  are  not  more  often  found  in  positions  where 
their  humane  policy  can  be  held  up  as  an  example  to  those  of  a 
more  sordid  and  grasping  nature. 

It  having  been  shown  injj)Ossi])le  to  outline  an  ideal  foreman, 
when  viewed  from  these  different  standpoints,  evidently  the  dis- 
cussion of  what  a  foreman  should  be  can  be  no  more  than  a  state- 
ment of  the  j)ersonal  opinion  of  the  writer. 

Before  all  other  (jualitications,  it  is  necessary  that  the  fore- 
man should  be  what  the  word  implies — first,  a  man;  and,  second, 
a  leader.  If  he  is  a  man  in  the  true  sense  of  the  word,  he  cannot 
fail  to  be  respected  by  all  self-respecting  workmen.  If  he  is  an 
honest  leader,  he  will  conduct  those  workmen  along  the  lines  laid 
down  by  the  owners  as  the  ])olicy  of  the  establishment.  Too  often 
the  foreniHii  is  looked  U|k)1i  merely  as  the  buffer  between  the  firm 
and  the  men.  lie  is  snpjiosed  to  act  as  ])eHceniaker,  and  to  ktH*p 
them  from  tlyincr  at  one  another's  throats.  Tnder  such  conditions, 
it  is  obviously  ini]K)ssil)le  tlnit  a  man  can  be  in  full  favor  with 
either  party.  Toward  the  liriu  the  foreman  should  be  respectful, 
obedient,  and  enei'o;etic;  toward  the  workmen  he  should  be  firm, 
just,  and  symj)athetie. 

Of  all  the  qualities  tj^oino;  to  make  the  ideal  foreman,  that  of 
tact  is  the  most  important.  It  means  that  the  men  will  be  treated 
as  individuals,  their  failings  noted  and  corrected,  their  good  points 
enlarged  U])on  and  due  credit  allowed  for  them,  and  that  the  shop 
life  will  be  freer  and  more  natural.  With  this  tact,  or  faculty  of 
governing  along  the  line  of  least  resistance,  must  be  coupled  abso- 
lute fairness.  Nothing  will  create  such  an  atmosphere  of  discon- 
tent as  a  suspicion  that  the  foreman  has  favorites.  If  these 
supposed  favorites  happen  to  be  relatives  of  the  foreman,  the  idea 
is  much   harder  to  combat.     For  that  reason,  |>ersonal  friendship 
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and  family  obligations  will  be  left  outside  the  shop  by  the  man 
who  wishes  to  succeed  as  a  leader  of  workmen.  A  decided,  but 
not  aggressive,  manner  of  passing  upon  questions  serves  to  inspire 
the  men  with  respect  for  the  foreman,  especially  if  such  decisions 
are  rendered  promptly,  and  they  prove  in  the  large  majority  of 
cases,  to  be  accurate.  Having  made  a  decision,  or  taken  a  decided 
stand  on  any  matter,  it  will  not  do  to  deviate  from  that  jK)8ition, 
unless  it  is  so  clearly  wrong  as  to  be  apparent  to  the  casual  observer. 

Fairness,  dignity,  and  firmness  are  qualities  that  can  be  quite 
closely  defined;  but  tact  and  its  fellow  attribute,  executive  ability, 
are  rather  elusive  of  close  description.  They  are  of  the  inherited 
type  and  can  be  cultivated  only  to  a  very  limited  extent.  If  a  man 
does  not  |)086ess  tact  and  executive  ability,  it  is  useless  for  him  to 
accept  a  position  where  they  are  essential,  in  the  belief  that  they 
will  develop  as  required. 

While  workmen  are  supposed  to  be  paid  only  for  the  time 
spent  in  the  shop,  it  is  also  true  that  a  man's  value  cannot  be 
reckoned  entirely  by  the  (juality  of  his  work  and  the  number  of 
hours  of  labor.  His  conduct  outside  the  factory  invaria]>ly  leaves 
its  impress  on  his  conduct  within  and  on  the  product  of  his  work. 
This  is  even  more  noticeable  in  the  case  of  a  foreman,  for,  although 
workmen  generally  would  deny  it,  they  do  not  and  cannot  have  a 
wholesome  res])ect  for  a  fonMiian  who  is  not  res])ected  by  the  com- 
munity. Men  will  say  they  do  not  care  what  a  foreman  is  outside 
the  sho]);  but  their  lu^tter  nature  will  not  allow  tliem  to  l(K)k  uj)  in 
any  sense  to  a  social  jjariah. 

While  an  absolute  grasp  of  all  the  details  of  the  business, 
viewed  from  the  Nyorkman's  stand]K)int,  is  not  absolutely  necessary 
to  a  foreman  ])osst-ssing  tact  and  exeeutiye  ability,  it  adds  greatly 
to  a  foreman's  i)restio;e  to  be  able  literally  to  show  any  workman 
just  h()^v  any  opc-ration  should  Ik*  jierformed. 

Just  a  word  in  illustration  of  taet  in  dealinc^  with  men  of 
radically  different  temperaments.  The  blusteririg  workman,  so 
familiar  to  all  foremen,  can  be  best  coiitrolled  by  a  very  quiet  and 
soft-sj)oken  suj)erior,  esj)eeially  if  the  foreman  in  question  has  the 
reputation  of  firmness  and  fair  dealing.  The  quiet,  positive  state- 
ment, eouj)led  with  a  refusal  to  discuss  the  matter,  is  so  contrary 
to  the  blatant  workman's  usual  procedure,  that  it  takes  away  his 
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only  weapon  by  not  allowing  him  to  use  it.  On  the  other  hand, 
it  often  happens  that  the  quiet  man  of  few  words  can  be  spurred 
on  to  better  deeds  by  an  energetic  and  insistent  manner  on  the 
part  of  the  foreman.  Of  course,  this  all  goes  to  prove  the  fore- 
man's tact,  and  to  disprove  the  oft-repeated  statement  that  work- 
men should  all  be  treated  alike.  The  best  results  cannot  be 
obtained  in  this  manner.  Until  men  are  all  turned  out  in  the 
same  mould,  it  will  l)e  necessary  to  suit  the  treatment  to  the  tem- 
perament of  the  man. 

The  question  of  how  far  it  is  advisable  to  show  sympathetic 
nature,  is  one  of  grave  doubt.  Sympathy  does  not  mean  that 
excuses  are  to  l)e  taken  literally;  ]>ut  a  casual  inquiry  as  to  how 
the  sick  wife  or  baby  is  getting  along  shows  an  interest  outside  the 
commercial  relation  that  appeals  to  most  men.  The  old  saw,  *'  You 
catch  more  flies  with  molasses  than  you  do  with  vinegar '\  has  an 
application  in  the  treatment  of  workmen  by  their  foreman. 

Another  question  wliich  has  more  than  one  answer,  is  whether 
it  is  better  to  have  a  foreman  promoted  from  the  ranks  or  to  get 
an  outside  man  for  the  ])osition.  The  man  from  the  bench  is 
familiar  with  all  the  shop  traditions  and  practices,  and  can  keep 
things  going  with  hardly  a  break.  On  the  other  hand,  he  is  the 
victim  of  jealousy  and  spite,  and,  unless  exceptionally  well-j)oistKi, 
is  apt  to  assume  an  attitude  toward  his  former  shopnuites  which 
might  be  termed  '"dignity  gone  to  set^l  ".  Every  youthful  indis- 
cretion is  remembertxl,  and  any  attempt  to  check  such  antics  on 
the  j>art  of  the  ycmnger  men  is  held  to  be  an  unwarrante<I  assump- 
tion of  dignity.  On  the  whole,  the  attempt  to  pr()nu)te  a  foreman 
from  the  floor  or  bench  is  fraut^ht  with  dithculties;  iind  numy  a 
man  who  would  have  made  an  excellent  foreman  in  another  shoj), 
has  l)ei^n  a  rank  failure  in  that  capacity  when  tried  among  his  old 
shop  associates.  The  foreman  taken  from  the  outside  stands  or 
falls,  as  far  as  the  workmen  are  concerned,  on  his  record  in  his 
new  position,  lie  is  not  condemned  for  past  faults.  Further- 
more, he  should  be  able  Uf  bring  into  his  now  associations  some  of 
his  exj)erience  in  former  situations  which  will  be  of  value  to  his 
new  employers.  It  is  an  infusion  of  new  lilood  and  is  often  the 
means  of  discoverint{  lt*aks  and  weaknesses  not  noticeable  to  the 
old  employees. 
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A  foreman's  value  to  a  firm  depends  largely  on  his  knowledge 
of  the  capacity  and  limitations  of  each  man  under  him.  This 
knowledge  enables  him  to  lay  out  his  work  to  the  bc^st  advantage, 
as  he  knows  the  man  who  is  quick,  the  man  who  is  accurate,  and 
the  man  who  can  be  trusted  to  carry  along  detail  or  experimental 
work.  To  keep  a  man  up  to  his  best  pace,  to  have  new  work  laid 
out  for  him  in  advance,  and  to  keep  that  man  satisfied  with  Iiis 
work  and  Mrages,  is  a  task  that  taxes  the  ingenuity  of  the  best  of 
foremen.  The  matter  of  repairs,  especially  those  of  a  petty  nature, 
is  one  which  tests  a  foreman's  commercial  sense  more  tlian  the 
r^ular  run  of  work  does.  As  an  example,  8up{)08e  that  the  fric- 
tion on  a  countershaft  slips;  shall  the  oiler  be  sent  for  while  the 
machine  operator  waits;  shall  the  workman  fix  it  himscdf;  or 
shall  the  man  be  transferred  to  ruiother  machine  while  the  repair 
work  is  going  on  ?  Of  course,  this  all  depcMids  on  the  nature  and 
degrtH3  of  the  difficulty;  bnt  it  affords  an  opj>ortiinity  for  quick 
and  accurate  judgment  on  the  part  of  the  foreman,  and  demon- 
strates his  fitness  to  co{)e  with  en)ergencie8. 

An  article  of  this  character  should  not  be  closed  without 
a  reference  to  that  old-time  figure,  the  *' working  foreman".  Do 
not  all  machinists  of  mature  age  remember  how  the  foreman 
would  walk  down  the  shop  with  a  piece  of  work  and  a  file  in  his 
hand,  filing  as  he  went?  Even  in  these  days  of  strenuous  eoiiipe- 
tition,  we  soinetimes  see  an  advertisement  for  a  '*  workini/  fore- 
man".  It  is  jjreposterous  to  tliink  that  a  foreman  can  projHTly 
supervise  the  ojH^rations  of  more  than  a  dozen  men,  and  do  any 
work  tliat  calls  for  close  attention.  Many  firms  insist  on  this 
practice,  however,  and  are  daily  losing  money  by  its  continuance. 
A  foreman  should  be  devoting  his  energies  to  the  development  of 
better  methods  of  manufacture,  and  not  to  the  production  of  work 
that  could  be  ])erformed  by  one  of  the  machinists. 

And  so  we  leave  the  ideal  foreman,  not  yet  discovered,  not 
even  closely  defined,  but  anxiously  awaiteil  and  badly  needed. 
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PRACTICAL  TEST  QUESTIONS. 

In  the  foregoing  sections  of  this  Cyclopedia 
numerous  illustrative  examples  are  worked  out  in 
detail  in  order  to  show  the  application  of  the  various 
methods  and  principles.  Accompanying  these  are 
examples  for  practice  which  will  aid  the  reader  in 
fixing  the  principles  in  mind. 

In  the  following  pages  are  given  a  large  number 
of  test  questions  and  problems  which  afford  a  valu- 
able means  of  testing  the  reader's  knowledge  of  the 
subjects  treated.  They  will  be  found  excellent  prac- 
tice for  those  preparing  for  College,  Civil  Service, 
or  Engineer's  License.  In  some  cases  numerical 
answers  are  given  as  a  further  aid  in  thi^  work. 
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ON     1'IIK     MirilJKCT     OK 


MACHINE    SHOP   WO  UK. 

PART  I 


1.  What  are  limit  gau<j^es? 

2.  When  are  caliiKU-s  used?  and  how  aiv  they  net? 

3.  If   there    are  40   threads    j)er   ini^h   on   i\u)    niii^rometer 
screw,  what  is  the  reading  of  this  niicroineter? 


9     '    <?    J    4 

mill  mill 

TT- 
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4.  What  is  a  soft  hammer,  and  when  is  it  used? 

5.  What  is  a  chuck  drill  ? 

6.  What  methods  are  used  for  cleaning  a  file? 

7.  IIow  should  a  file  he  held  for  Ihie  liling? 

8.  I)escril>e  the  surface  gauge. 

9.  Descrihe  Uie  micrometer  caliper. 

10.  I)e8cril>e  two  connnon  forms  of  chisel,  and  state  under 
what  conditions  tliey  are  used. 

11.  Why  is  not  the  cutting  surface  of  a  file  perfectly  flat? 
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12.    (live  tlie  reading  of  the  micrometer  caliper  when  in  the 
position  shown. 


13.  What  n]('th()(ls  are  used  for  holding  a  file  for  filing  laige 
snrf  aces  ? 

14.  Describe  the  twist  drill. 
lo.    Wliiit  is  a  vernier? 

10.    Wliat  is  the  reading  of  the  vei'nier  inicronieter  calij.)er 
when  in  the  ])ositions  shown? 


Mii. 


IT.  Wh;il  is  the  result  when  the  lips  of  the  twist  drill  ai*e 
of  nneipiid  length? 

1(S.    AViien  are  reamers  used? 

M\  I  low  nuuh  less  should  tiic  diameter  of  the  drilled  hole 
be  than  finish  si/.(»  if  a  reamer  is  to  be  nseil  ? 

20.  I^X[)lain  the  niethods  of  cutting  screw  threads  with 
a  die. 

21.  V/hat  advant4ig(»  has  an  adjustable  reamer  over  a  solid 
reamer? 


KA9. 
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ON    T0B    8I7BJBCT    OF 
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PART  II 


1.  What  is  a  mandrel  ? 

2.  Describe  the  rise-and-fall  rest. 

8.  How  long  will  it  take  to  turn  a  chi])  18  inc^ht^s  on  a  shaft 
24  inches  long  and  3i  inches  in  diameter  ? 

Assume  cutting  speed  20  feet  per  minute. 
Assume  feed  -^^  inch  per  revolution. 

4.  De8cril)e  the  process  of  making  a  taper  fit. 

5.  The  lead  screw  has  a  pitch  of  \  inch.  What  is  the  ratio 
of  gears  to  be  used  to  cut  a  screw  with  18  threads  per  inch? 

6.  Describe  the  process  of  bringing  the  countersink  back 
to  center. 

7.  For  what  purpose  is  the  back  g(^ar  of  a  hiihci  ? 

8.  Describe  some  methcKl  of  adjusting  pieces  to  ('(inter. 

9.  Describe  the  shapes,  and  sUatc  the  uses  of  tlic^  folh>wing 
lathe  tools :  Diamond  ix)int,  side  or  facing  tool,  parting  tool,  and 
square-nosed  tool. 

10.  Why  are  lubricants  used  in  turning  ? 

11.  Describe  the  meUuKl  for  finding  the  ch*aran('(i  for  a  UhA 
for  cutting  square  threads. 

12.  On  account  of  not  having  the  proixtr  gears  at  hand  (com- 
pound gears  must  l>e  used.  The  lead  screw  has  4  threiids  ])v.v 
inch,  and  a  screw  having  9  threads  pcir  inch  is  to  Ixj  (tut.  Th(j 
gears  chosen  for  drivers  are  of  24  teeth  on  the  spindle  gear  and 
30  on  the  intermediate,  what  gear  should  lie  used  for  the  intc?r- 
mediate  driven  if  the  screw  gear  has  60  teeth  ? 
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13.  Descril)e  the  U.S.  Standard  thread. 

14.  Describe  the  steady  rest. 

15.  Hqw  would  you  adjust  a  piece  to  center  if  tlie  hole  must 
be  run  true  ? 

16.  Why  should  a  l)oring  tool  have  more  cleairance  than  a 
turning  tool  ?     Explain  with  sketch. 

17.  Explain  the  method  of  turning  a  taper  by  setting  tlie 
tailstock  over. 

18.  In  what  direction  does  the  carriage  run  when  cutting  a 
right-hand  thread  ? 

19.  A  sci'ew  of  14  threads  is  to  be  cut  in  a  lathe  having  a  lead 
screw  of  3  threads  per  inch.  Compound  gears  are  to  be  used. 
The  gears  available  have  20,  30,  40,  50,  60,  70,  and  80  teeth. 
What  ones  are  to  be  used  and  where  ? 

20.  How  is  motion  transmitted  from  the  cone  pulley  of  a 
drill  pi-ess  to  the  drill  ? 

21.  How  is  motion  transmitted  from  the  spindle  to  the  lead 
screw  ? 

22.  Describe  clearance  and  rake  as  applied  to  a  lathe  tool. 
Give  approximate  values  in  degrees  for  cutting  steel. 

23.  Should  a  tool  for  turning  brass  have  rake  ?     Why  ? 

24.  The  end  of  a  pist')n  rod  is  to  be  turned  tapering.  The 
piston  rod  is  28  inches  long  ;  the  ^apered  portion  is  to  i)e  3  inches 
long.  The  diameters  of  the  t-ijuT  are  to  be  2:1  inches  and  2i 
inches.      How  mucli  must  tlic  tail  block  be  set  over? 

25.  Sup[)()se  tlie  lead  sercw  of  a  lathe  has  4  threads  perincli 
and  W(?  wish  to  cut  11  ^llrea(ls  j)cr  inch.  The  gear  on  the 
spindU^  has  20  teeth.  AVhat  gear  should  be  chosen  for  the  lead 
screw  y 

26.  AVhat  is  a  univ-^rsal  radial  drill? 

27.  In  what  wavs  is  a  twist  drill  preferable  to  a  flat  drill? 
How  is  the  drill  made*  to  turn  with  the  s])indle  ? 

28.  Desci'ibe  th^  universal  chuck. 

29.  AVHiy  should  not  a  tool  be  set  too  high  ? 

30.  How  long  will  it  take  to  turn  a  chip  from  a  shaft  37 
inches  lonof  5-  iuch<\'?  in  diauietci'? 

Assume  cutting  mpeed  23  feet  jhu'  minuU^ 
Assume  feed  uf  ^^^-  inch  per  revolution. 
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1.  What  is  ii]terchangeiil)le  work? 

2.  Explain  the  method  of  griiuling  valves. 

3.  What  is  pickling? 

4.  In  what  direction  relative  to  tlie  motion  of  the  cntter 
should  the  work  on  a  milling  machine  be  fed  ? 

5.  What  is  the  difference  between  pening  and  bending? 

G.  What  is  tlie  difference  in  the  rates  of  revolution  given 
for  surface  milling  of  cast  iron,  with  a  surface  milling  cutter  3i 
inches  in  diameter,  according  to  Addy's  rule  and  the  Brown  & 
Sharpe  table  ? 

7.  Wliat  are  the  principal  us«s  of  tJie  grinding-machine  ? 

8.  What  is  a  surface  plate  ?  Describe  the  proci^ss  of 
making. 

\).    Describe  the  hydrostatic  level, 

10.  What  is  the  safe  rate  of  revolution  of  an  emerv  wheel  o 
inches  in  diameter,  if  its  surface  speed  is  not  to  exceed  4,000  feet 
jier  uiinute  ? 

11.  A  surface  of  cast  iron  is  to  l)e  finished  in  one  cut  on  the 
milling  machine.  The  casting  is  8  inches  long  and  o  inches  wide. 
The  milling  cutter  has  a  diameter  of  3  inches  and  the  width  of  2 
inches.  How  long  will  it  take  to  do  the  work?  Assume  feed  of 
2i  inches. 

12.  What  is  a  lap?     Of  what  metal  should  il  lie  niiule? 

13.  How  may  a  i)ermanent  joint  1k»  made? 

14.  Describe  in  a  general  way  the  setting  of  a  ma(*hine. 
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15.  What  sliould  lie  the  diameter  of  a  piece  as  it  comes  from 
a  lathe  if  it  is  to  lie  gniuiid  to  a  diameter  of  4  inches? 

1(3.  Acconliiig  to  Addy,  how  long  would  it  take  to  mill  a 
cast  iron  surface  18  inches  long,  and  16  inches  wide,  with  a  mill* 
ing  cutter  6  inches  in  diameter  and  3  inches  wide. 

17.  How  is  a  surface  prepared  for  laying  out  work  ? 

18.  How  are  temj)oniry  joints  made? 

19.  How  many  hoi'se-power  may  be  safely  transmitted  by  a 
single  belt  8  inches  wide,  running  over  a  36-inch  pulley  which 
makes  175  revoluticms  i>er  minute  ? 

20.  State  some  of  the  uses  of  tlie  milling  machine. 

21.  How  ai-e  case-hartlened  pieces  usually  finished  7 

22.  What  tools  are  used  for  laying  out  work?  Exphun  the 
function  of  each. 

23.  Why  should  a  lathe  # or  planer  tool  work  lx;ne«ith  tlie 
surface  of  a  casting  ? 

24.  How  may  the  power  transmitted  by  the  l)elt  in  Question 
19  be  increased  to  32  hoi*se-power  ? 

25.  Accoixling  to  Addy's  rule,  what  should  be  the  speed  «)f 
a  milling  cutter  8  inches  in  diameter  when  working  in  cast  iron  ? 

26.  Wliic'li  is  prefeiiible  for  liigh  polisli,  new  or  old  enierj* 
cloth?     Whv? 

27.  If  tlie  feed  is  1.5  inches  [kt  niinute,  liow  lon*^  will  it 
tiike  to  cut  a  i^roovc  '1  inches  wide,  4  I'ect  lon^,  J  inch  deep? 
The  material  is  soft  inachinerv  slcel,  and  the  milling  cutter  is  2 J 
inches  in  diameter  and  1|  inches  wide. 

"JS.  Should  work  be  caliiHired  while  at  n^st  or  while  in 
motion  ? 
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1.  Give  the  meaning  of  apj)roxiniate  and  precise  nieaRiire- 
nients.  Give  examples  and  reasons  for  employing  either  method 
when  dcing  the  individual  piece  of  work. 

2.  When  making  single-lip  drills  why  is  it  necessary  to 
remove  exactly  one-half  the  diameter  as  shown  in  Fig.  19  ? 

3.  When  making  the  taj)er  reamer,  called  a  8tep{)ed  reamer 
(Fig.  51)  why  are  the  steps  made  straight  rather  than  taj)ering  i? 

4.  When  a  mandrel  is  held  in  V  blocks  when  laying  oiF  the 
center  line  as  shown  in  Fig.  07,  how  would  you  find  the  exact  loca- 
tion by  precise  measurements  ? 

5.  Why  is  it  advisable  to  cut  the  threads  of  an  adjustable  tap 
somewhat  smaller  than  the  desired  size  for  the  tap  to  cut  ? 

G.  What  would  be  the  effect  if  a  j)iece  of  work  were  turned 
to  finish  dimensions,  when  the  live  center  of  the  lathe  did  not  run 
true  ?     If  the  dead  center  is  not  to  gauge  ? 

7.  Why  will  a  twist  drill  cut  faster  and  make  a  truer  hole 
than  a  fiat  drill  ? 

8.  State  in  your  own  language  the  result  attained  by  using 
a  reamer  holder  of  the  design  shown  in  Fig.  5S. 

0.  Wlien  extreme  accuracy  is  required,  why  is  not  advisable 
to  grind  the  essential  part  of  a  milling  machine  arbor  before  it 
has  the  spline  cut  ? 

10.  Why  is  it  desirable  for  a  tap  to  retain  its  correct  pitch 
when  hardeninl  ?  What  would  1h^  the  effect  were  it  to  elongate? 
What  if  it  should  con-tract? 


TOOL  MAKING 


11.  How  should  a  piece  of  round  tool  steel  be  centered  for 
turnintr  in  the  lathe 'if 

12.  Explain  the  method  used  to  prevent  a  fluted  reamer 
from  chattering.  What  should  be  taken  into  consideration  In 
designing  the  tooth  ? 

13.  When  making  mandrels  why  should  the  center  holes  in 
the  ends  be  deeper  than  in  the  case  of  most  tools  'i 

14.  When  is  it  allowable  to  cut  the  threads  of  a  tap  by  means 
of  a  screw -threading  die  'i 

15.  State  in  your  own  language  the  objection  to  reaming 
holes  that  must  run  ])erfectly  true,  and  why  it  is  considered  allow- 
able to  ream  a  hole  that  is  to  be  approximately  true  as,  for  instance, 
the  hole  for  receiving  the  taj)  in  the  tap  holder  shown  in  Fig.  105. 

16.  AVhen  is  it  advisable  to  use  a  high-carbon  tool  steel? 
When  a  low?     Give  example. 

17.  When  cutting  the  grooves  in  a  reamer  having  ^  cutting 
edges,  state  the  number  of  holes  the  index  pin  should  be  moved 
each  time  in  order  to  get  an  uneven  sj)acing  that  will  diverge  by 
2'  to  4'  from  an  angle  corresponding  to  equal  spacing.  Assume 
that  the  dividincf  head  on  the  millintr  machine  reciuires  40  turns 

O  ~  1 

of  the  index  pin  for  one  revolntion  of  the  spindle.  Assume  the 
pin  to  be  set  in  the  circle  having  *Jn  holes. 

IS.  AVhat  would  be  the  result  if  the  centers  were  not  given 
the  extra  countersink,  or  recess  cut  as  shown  in   Fics,  (JO  and  ()1  ? 

V'K  Why  should  the  lands  of  a  hand  tap  be  wider  than  those 
of  a  jnaehine  tap  ( 

20.  Why  is  it  necessary  to  use  a  releasincr  tap  liolder  when 
tapping  holes  where  the  threads  go  to,  or  nearly  to  the  bottom  of 
the  hole  ^ 

21.  What  is  the  effect  of  uneven  heatino;  of  tool  steel  for 
harden ino-^     AVhy  ^ 

22.  Why  is  it  advisable  to  use  a  form  of  (^^rinder  havintr  two 
dead  centers  when  a  piei-e  of  work  is  recpiired  exactly  round  i 

28.  Why  should  the  center  of  a  mandrel  be  lapped  to  an 
angle  of  (JO  degrees  befoiv  the  mandrel  is  ground  to  size  ^ 

24.  What  would  be  the  result  were  the  threads  of  a  taper 
tap  cut  with  a  tail  block  set  over  to  give  the  re(piired  taper? 

25.  Suppose  a  screw  die  hob  were  made  with  the  same  nuin-v 
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ber  of  flutes  and  of  the  same  proportions  as  hand  taps.  What 
would  be  the  results  if  it  were  run  into  a  screw-thread  die  which 
had  been  provided  with  clearance  holes  ? 

26.  When  are  flat  drills  used  ?     ^Vhy  ? 

27.  When  making  the  adjustable  reamer  shown  in  Fig.  47 
what  would  be  the  result  when  it  was  hardened  if  the  slots  were 
cut  to  the  end  of  reamer  ? 

28.  When  making  the  sleeve  for  the  expanding  mandrel 
shown  in  Fig.  05,  why  should  it  not  be  held  in  a  grinder  chuck 
when  grinding  the  hole  to  size  ? 

29.  Why  should  steel  for  a  cutting  tool  be  chosen  somewhat 
larger  than  finished  size  i 

30.  Why  is  it  necessary  to  reheat  large  pieces  after  they  have 
been  hardened  ? 
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1.  Why  is  it  not  advisable  to  make  the  lands  of  screw  thread- 
ing dies  wider  than  described  ?  What  is  the  result  if  they  are 
made  narrower  ? 

2.  Under  what  circumstances  would  you  consider  it  advisable 
to  use  a  counterbore,  rather  than  a  drill  when  enlarging  a  hole. 
Why  ? 

3.  ^Vhy  would  it  not  be  considered  good  practice  to  turn 
the  piece  of  stock  represented  in  Fig  131  to  size  before  drilling 
the  holes  and  working  the  slots  to  size  ? 

4.  Why  is  it  not  advisable  to  make  a  hollow  mill  to  be  used 
in  roiitrhincT  out  work,  havinir  more  than  4  teeth  ? 

5.  Why  is  it  advisable  to  ^ive  a  finish  hollow  mill  more 
than  4  teeth  ( 

0.  When  hardening  a  hollow  mill  of  the  form  shown  in  Fig. 
147,  why  is  it  a(lvisal)]e  to  dij)  it  in  the  bath  with  the  cutting  edges 
uppermost  i 

7.  In  using  a  forming  tool  why  is  it  necessary  to  have  the  face 
of  the  tool  at  theheiorht  of  the  center  i 

S.  (live  the  advantages  derived  from  using  a  forming  tool 
and  holder  of  tlie  desirrn  shown  in  Fio;.  102. 

IL  Why  is  a  millinp-.machine  cutter  more  likely  to  crack 
when  hardeninfr  than  other  forms  of  tools  ? 

10.  Why  is  it  not  good  practice  to  ream  holes  in  milling- 
machine  cutters  to  finish  size  ? 

11.  What  is  the  result  if  tlie  hoU^  in  a  milling-machine  cutter 
does  not  fit  the  arbor  ? 
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12.  Wlieii  is  it  advisal)le  to  use  milling-machine  cutters 
having  interlocking  teeth  i 

13.  When  is  it  advisable  to  use  milling-machine  cutters 
having  their  teeth  cut  spirally  ^     ^^  l^J  ? 

14.  When  is  it  advisable  to  cut  the  teeth  of  milling-machine 
cutters  with  a  right-hand  s|)iral  'i    When  a  left-hand  spiral  'i    Why  i 

15.  State  advantage  gained  in  making  milling-machine  cut- 
ters with  nicked  teeth. 

10.  Why  is  it  generally  considered  advisable  to  make  mill- 
ing-machine cutters  that  are  largt^r  than  0  or  8  inches  diameter 
with  inserted  teeth. 

17.  AVhen  a  blank  for  a  milliner-machine  cutter  that  is  to 
have  inserted  teeth  is  milled  with  slots  that  are  at  antjle  to  the 

cutter  axis,  why  is  it  not  advisal)le  to  leave  the  faces  of  the  teeth 

«■ 

at  that  antrle  { 

Is.  If  an  emery  wheel,  il  inches  in  diameter,  is  used  in 
grinding  the  teeth  of  a  miiling-machine  cutter,  how  many  revolu- 
tions must  it  make  in  a  minute  in  order  to  run  at  a  ])erij)heral 
speed  of  5,()()()  feet  ])er  minute  t 

ItL  AV'hy  is  it  not  wnerallv  considered  trood  ])ractice  to  make 
kev  ways  in  mill  in  jr.  machine  cutters  with  sharp  eorners  i 

20.  State  in  your  own  language  the  generally  aece])te(l  mean- 
ing of  the  term  *" formed  cutter''  or  form  cutter. 

21.  Xame  some  of  the  advantages  derived  from  the  use  of 
formed  cutters. 

22.  What  would  be  the  result  if  the  faces  of  the  teeth  of  a 
formed  mill  were  not  recut  after  they  were  backed  off  i 

23.  AVhen  backing  ott"  the  teeth  of  a  formed  mill,  what 
would  be  the  result  of  setting  the  forming  tool  above  or  below  the 
center  of  the  work  i 

24.  When  making  milling-machine  cutters  with  threaded 
holes,  why  is  it  necessary  to  tirst  thread  the  blank,  then  machine 
it  on  a  threaded  mandrel  i 

What  would  be  the  result  were  the  cutter  machined  to  shaj)e 
before  threadintr  the  hole  ( 

25.  When  machinincr  u  ])iece  of  work  havintr  a  threaded 
hole,  why  is  it  not  advisable  to  screw  the  piece  onto  a  threadeil 
mandrel  in  such  a  manner  that  the  shcmlder  of  work  is  airainst  the 
shoulder  of  mandrel  when  scjuaring  the  first  end  { 
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REVIEW    QUESTTOXS 


ON"    TUB    SUBJECT    OF 

TOOL    MAICIXa 

PART  1 1 1 


1.  Why  should  undue  accuracy  never  he  indulged  in  when 
making  drill  jigs  and  similar  tools? 

Give  examples  where  extreme  accuracy  is  not  desirable. 
Give  examples  where  it  should  l>e  observed. 

2.  When  making  bushing  holes  in  drill  jigs  by  the  method 
illustrated  in  P^ig.  228  why  are  more  satisfactory  results  obtained 
it'  the  cutting  end  of  couuter  bore  is  made  of  the  form  shown  in 
Fig.  220. 

^\.  State  in  your  own  words  the  reason  for  obtaining  loca- 
tion of  bushing  holes  in  drill  jigs  by  means  of  locating  buttons 
and  lathe  indicator. 

4.  AVhy  are  drill  jigs  for  permanent  equi[)ment  provided 
with  hardened  steel  bushings? 

;").  Name  the  different  forms  of  drill  bushings  commonly 
used  in  jigs. 

Name  the  good  features  of  each. 
Name  the  objectional  features  of  each. 

G.  What  is  the  objection  to  using  the  ordinary  shop  man- 
drel for  holding  bushings  when  grinding  to  finish  size? 

7.  When  drilling  the  bhx^k  illustrated  in  Fig.  251  why  is 
it  advisable  to  first  use  the  transfer  drill  shown  in  Fig.  254  ? 

8.  When  reamingr  the  holes  in  block  shown  in  Figf.  251 
why  is  it  advisable  to  use  tlie  piloted  single  lip  reamer?  (Fig.  253) 
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23.  Under  what  circumstaiicei  is  it  advisable  to  finish  con- 
tact surfaces  of  gauges  by  hipping? 

Why  is  it  necessary? 

24.  Why  should  the  ends  of  plug  gsiuges  be  left  as  shown  in 
Fig.  296  or  Fig.  297  until  the  gauge  is  lapped  to  size? 

25.  When  finish  lapping  a  ling  gauge  to  size  why  ia  it 
necessary  to  grind  the  Lip  perfectly  round? 

26.  When  are  snap  gauges  used  ? 

Why  are  they  used  in  preference  to  a  micrometer  on  ordinary 
work? 

27.  When  making  a  snap  gauge  of  the  clescription  shown  in 
Fig.  806  why  is  it  necessary  to  leave  a  small  amoimt  of  stock  on 
each  contact  surface  until  after  the  gauge  is  hardened  ? 

28.  When  grinding  the  contact  surfaces  of  snap  gauges, 
what  {>oint8  must  be  observed  ? 

29.  Give  an  example  other  than  the  one  illustrated,  where 
the  use  of  a  limit  gsiuge  would  be  advisable. 

30.  When  making  receiving  gauges  what  points  must  be  ob- 
served?    Why? 

31.  When  making  the  locating  gauge  shown  in  Fig.  827, 
why  is  it  allowable  to  locate  the  first  pin  by  apjyroxhnate  measure- 
ments and  not  the  other? 
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